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EFFECTS OF AESTIVATION AND STARVATION ON THE NEUTRAL LIPID AND 
PHOSPHOLIPID CONTENT OF BIOMPHALARIA GLABRATA INFECTED WITH 
SCHISTOSOMA MANSONI 
Meredith M. White, Bernard Fried*t, and Joseph Sherma 
Department of Chemistry, Lafayette College, Easton, Pennsylvania 18042. e-mail: friedb@lafayette.edu 
ABSTRACT: The effects of aestivation or starvation on the neutral lipid and phospholipid content of Biomphalaria glabrata 
patently infected with Schistosoma mansoni were determined by high-performance thin-layer chromatography-densitometry. 
Infected-aestivated snails were maintained in a moist chamber at 24 ± 1 C and a relative humidity of 98 ± 1 %. Infected-starved 
snails were maintained in artificial spring water (ASW) at 23 ± 1 C without exogenous food. Infected snails (the controls) were 
maintained in ASW at 23 ± 1 C and fed lettuce ad libitum. The 3 groups were maintained in the laboratory for 7 days, and 
then the lipids from the digestive gland-gonad complex (DGG) were extracted and analyzed by class. Infected-aestivated snails 
exhibited greater mortality rate and weight loss after 7 days than did the infected-starved snails, The steryl ester concentration 
in the infected-starved snails was significantly increased (P = 0.010) compared with the controls but not compared with infected-
aestivated snails; the concentration of phosphatidylcholine in infected-aestivated snails was significantly decreased (P = 0.007) 
compared with the controls but not when compared with the infected-starved snails, Aestivation or starvation had a significant 
effect on the concentration of certain lipid classes in the DGG of B. glabrata infected with S. mansoni. 
Biomphalaria glabrata serves as a host to the medically im-
portant digenean Schistosoma mansoni, This snail lives in a 
climate that frequently experiences prolonged dry seasons with-
out standing water (Olivier, 1956), In the wild, B. glabrata 
snails can survive such droughts protected by ground-level veg-
etation, and the snails do not enter the soil to avoid desiccation 
(Olivier, 1956). These planorbids survive dry periods through 
a natural phenomenon referred to as aestivation, in which snails 
enter a state of dormancy out of water, During aestivation, 
snails do not eat, water loss occurs (Bezerra et al., 1999), and 
oxygen consumption is decreased (von Brand et aI., 1957). 
Ohlweiler and Kawano (2001) showed that immature larvae 
of S, mansoni survived and developed within aestivating B. 
tenagophila, although the survival of infected-aestivated snails 
was lower than that of uninfected-aestivated snails. Badger and 
Oyerinde (2004) noted that aestivation of B. pfeifferi did not 
affect the infectivity of S, mansoni cercariae, although the sur-
vival of cercariae from aestivated snails was reduced, Barbosa 
and Coelho (1953, 1955) found that the development of im-
mature stages of S, mansoni was arrested in aestivating snails, 
but development resumed when snails were reimmersed in wa-
ter with the larvae surviving aestivation for up to 90 days; fully 
developed larval S. mansoni in aestivating B. glabrata oIlly 
survived up to 21 days. Dormant, immature S, mansoni larvae 
were found by Barbosa and Barbosa (1958) in naturally infect-
ed-aestivated B. glabrata, 
Aestivation of B. glabrata results in decreased metabolic ac-
tivity (Bezerra et aI., 1999), which can be better understood by 
investigating the effects of aestivation on various analytes. Sev-
eral studies have been done to show how aestivation affects 
various metabolites of planorbid snails. von Brand et aI. (1957) 
determined that total polysaccharides, total lipids, lactic acid, 
and certain other volatile acids were depleted in uninfected aes-
tivated B. glabrata compared with uninfected-nonaestivated B. 
glabrata. Bezerra et aI. (1999) found, using high-performance 
liquid chromatography, changes in the organic acid content of 
uninfected-aestivated B. glabrata compared with uninfected-
Received 17 May 2006; revised 24 July 2006; accepted 16 August 
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nonaestivated snails. White et al. (2006) investigated neutral 
lipid and phospholipids classes in uninfected-aestivated B. gla-
brata and found an increase in the steryl esters in the digestive 
gland-gonad complex (DGG) of starved snails compared with 
control snails, as well as a decrease in the triacylglycerols in 
the whole body of starved and aestivated snails compared with 
control snails. Studies have not been done on the effects of 
aestivation on the neutral lipid and phospholipid content of B. 
glabrata infected with S. mansoni. The DGG of B. glabrata is 
a major site of metabolic activity and is the complex of choice 
for the analyses described herein. Therefore, to determine how 
aestivation affects the neutral lipid and phospholipid content of 
the DGG of B. glabrata patently infected with S. mansoni, we 
used high-performance thin-layer chromatography (HPTLC)-
densitometry. Because snails do not feed during aestivation, the 
lipid content of starved B. glabrata patently infected with S. 
mansoni was also determined and compared with the results of 
the aestivation studies. 
MATERIALS AND METHODS 
Snail maintenance 
Biomphalaria glabrata snails were infected experimentally with S. 
mansoni by exposure en masse to approximately 8 miracidia/snail. Cul-
tures of B. glabrata (NMRI strain) were maintained as described by 
Schneck and Fried (2005). Snails were maintained at 23 ± 1 C in 
aerated glass jars containing approximately 20 snails per 800 ml of 
artificial spring water (ASW), prepared as described by Ulmer (1970), 
under diffuse fluorescent light for a photoperiod of 12 hr per day. Cul-
tures were fed boiled romaine lettuce leaf ad libitum, and the water in 
the cultures was changed 3 times a wk. 
Aestivation, starvation, and control conditions 
Groups of patently infected snails, obtained 6 wk after miracidial 
infection, were maintained under 3 conditions (aestivation, starvation, 
and control). For aestivation, infected snails were placed 4-5 per finger 
bowl (20 X 5 cm) lined with an ASW-saturated filter paper pad. Three 
Stender dishes, each with 5 ml of ASW, were placed in the chamber to 
maintain a high humidity; these dishes were covered with cheesecloth 
to prevent snails from migrating into the dishes. A second finger bowl 
was placed loosely on top of the chamber as a cover. This arrangement 
allowed for exchange of atmospheric air in the chamber. The tempera-
ture in the chamber was 24 ± 1 C, and the relative humidity was 98 
± 1 %. Infected-aestivated (IE) snails were maintained without food for 
7 days. Infected-starved (IS) snails were maintained 4-5 per 800 ml of 
aerated ASW at 23 ± 1 C without exogenous food for 7 days, and the 
water was not changed in these cultures. These snails did not feed on 
• 
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TABLE I. Weight percent (mean ± SE) of lipids in the digestive gland-gonad complex of aestivated, starved, and control Biomphalaria glabrata 
infected with Schistosoma mansoni; n = 3-5.* 
Experimental Condition FS FFA T SE PC PE 
Infected-aestivated (IE) 0.133 ± 0.041 0.0237 ± 0.0049 0.258 ± 0.060t 0.198 ± 0.055 0.372 ± 0.047+ 0.331 ± 0.11 
Infected-starved (IS) 0.290 ± 0.053 0.0642 ± 0.019 0.447 ± 0.14 0.286 ± 0.042§ 0.917 ± 0.20 0.341 ± 0.084 
Control (CON) 0.256 ± 0.053 0.0363 ± 0.011 0.771 ± 0.26 0.0778 ± 0.010 1.76 ± 0.33 0.389 ± 0.061 
* FS = free sterols, FFA = free fatty acids, T = triacylglycerols, SE = steryl esters, PC = phosphatidylcholine, PE = phosphatidylethanolarnine. 
t An outlier was found and eliminated by the Q-test (90% confidence interval). 
:j: PC level in IE snails was significantly decreased compared with CON snails (P = 0.007) but not compared with IS snails (P > 0.05). 
§ SE level in IS snails was significantly increased compared with CON snails (P = 0.01 0) but not compared with IE snails (P > 0.05). 
their feces, suggesting that coprophagy did not provide these snails with 
a source of food. Control snails (CON) were maintained 4-5 per 800 
ml of aerated ASW at 23 ± 1 C and fed romaine lettuce leaf ad libitum 
with the water changed 3 times a wk. 
The maximum diameters of the snail shells were measured with a 
vernier caliper; snails were blotted dry with a paper towel and weighed 
on an analytical balance before the start of an experiment. A total of 
29 patently infected snails (IE) were aestivated; the mean shell diameter 
of these snails was 11.2 ± 0.2 mm, and the mean weight was 0.2474 
± 0.0119 g. Twenty-five patently infected snails (IS) were starved; the 
mean shell diameter of these snails was 10.8 ± 0.2 mm, and the mean 
weight was 0.2312 ± 0.0125 g. Twenty-three patently infected snails 
(CON) served as controls; the mean shell diameter of these snails was 
11.3 ± 0.2 mm, and the mean weight was 0.2390 ± 0.0117 g. All of 
the above measurements are reported as mean ± SE. 
After 7 days, the IE snails were weighed again and revived by im-
mersion in 3 ml of ASW in individual wells of a multiwell plate 30 cm 
from a 60 watt lamp (28 ± 1 C). After 7 days of starvation, the IS 
snails were weighed again to determine weight loss. To prepare the 
DGG sample for lipid extraction, the snail was gently crushed under a 
dissecting microscope; the shell was dissected from the body with for-
ceps and discarded; the DGG was dissected from the body with fine 
scissors, rinsed with deionized water, and blotted on a paper towel to 
obtain a blotted wet weight of the tissue sample. The DGG were then 
extracted as described below within 2 hr of removal from the shells. 
Sample preparation 
Lipid analysis was performed on the individual DGGs of 3-5 snails 
for each experimental condition (Table I). Lipids were extracted from 
snail DGGs following the method of Folch et al. (1957). Samples were 
reconstituted with 175-375 fLl chloroform-methanol (2:1), the exact 
volume being chosen to yield at least 1 sample zone that had a densi-
tometric scan area bracketed within the scan areas for the standards 
during HPTLC analysis. • 
Thin-layer chromatography 
Quantitative determination of neutral and polar lipids was performed 
by HPTLC on 10 cm X 20 cm Analtech (Newark, Delaware) HPTLC-
HLF silica gel plates with 19 scored lanes and a preadsorbent zone. 
The standard for neutral lipid analysis was Non-Polar Lipid 
Mixture-B (Matreya, Pleasant Gap, Pe,r.p.sylvania), which contained 
equal amounts of cholesterol, oleic acid, triolein, methyl oleate, and 
cholesteryl oleate to provide markers for free sterols, free fatty acids, 
triacylglycerols, methyl esters, and steryl esters, respectively. The stan-
dard was diluted with chloroform-methanol (2:1) to make a solution 
containing 0.200 fLg/fLl of each component. To determine the free sterol, 
free fatty acid, and triacylglycerol content of the samples, the plates 
were developed with the mobile phase of Mangold (1969), petroleum 
ether-diethyl ether-glacial acetic acid (80:20: I). To determine the methyl 
ester and steryl ester content of the samples, the plates were developed 
with the Smith et al. (1995) mobile phase, hexane-petroleum ether-di-
ethyl ether-glacial acetic acid (50:25:5:1). Lipids were detected as blue 
spots on a yellow background by spraying the plate with 5% phos-
phomolybdic acid (PMA) in absolute ethanol and heating at 110 C for 
10 min. 
The standard for polar lipid analysis was Polar Lipid Mix 1127 (Ma-
treya), which contained equal amounts of cholesterol, phosphatidyleth-
anolarnine, phosphatidylcho1ine, and lysophophatidylcholine. The stan-
dard solution was prepared at a concentration of 0.250 fLg/fLl of each 
compound in chloroform-methanol (2:1). Plates were developed with 
chloroform-methanol-water (65:25:4), as described by Wagner et al. 
(1961). Lipids were detected as brown spots on a white background by 
spraying the plate with 10% CuSO. in 8% H3PO. and heating at 140 C 
for 15 min. 
Quantitative densitometric analysis was performed by use of a Camag 
(Wilmington, North Carolina) TLC Scanner II with the tungsten light 
source set at 610 nrn for neutral lipids, and the deuterium light source 
set at 370 nm for polar lipids. The CATS-3 software was used to create 
a linear regression calibration graph relating the weights of the standard 
zones to their peak areas on each plate. From the calibration graph, the 
lipid content in sample zones was interpolated on the basis of their peak 
areas. Detailed descriptions of HPTLC methodology are available in 
White et al. (2006). 
Statistical analyses were done using a single factor analysis of vari-
ance (ANOV A) to determine whether there was a significant difference 
in the lipid percentage of the DGG among IE, IS, and CON snails. If 
a significant difference (P < 0.05) was found, the data were subjected 
to the Bonferroni method to determine among which populations the 
difference occurred. The SPSS version 13.0 software was used for all 
data analyses. 
RESULTS 
A preliminary trial using B. glabrata patently infected with 
S. mansoni and aestivated for 14 days showed no surviving 
snails. The experimental period for all conditions was, there-
fore, reduced to 7 days. At the end of 7 days, 9 of 29 (31 %) 
IE snails survived, 20 of 25 (80%) IS snails survived, and 20 
of 23 (87%) CON snails survived. The revival time for the IE 
snails was 29 ± 4 min (mean ± SE). The revival period was 
considered to be the time it took the snail to extend its head 
foot region and attach to a substratum. After 7 days, IE B. 
glabrata had lost 26.2% of their weight, whereas IS B. glabrata 
had lost only 3.0% of their weight. 
Calibration plots, relating the scan areas to the weights of 
neutral lipid (0.400-3.20 fLg) and phospholipid (0.500-4.00 
fLg) standards, consistently gave linear regression coefficient (r) 
values of 0.97 or above. 
The samples analyzed for neutral lipids in the Mangold 
(1969) mobile phase showed zones with comparable migration 
to the standards at RF values of 0.17 (cholesterol), 0.28 (oleic 
acid), and 0.54 (triolein). The samples analyzed for neutral lip-
ids in the Smith et al. (1995) mobile phase showed zones with 
comparable migration to the steryl ester standard at a RF of 0.53 
(cholesteryl oleate). Methyl esters were not present in any of 
the samples analyzed. The samples analyzed for phospholipids 
in the Wagner et al. (1961) mobile phase showed sample and 
standard zones at RF values of 0.25 (phosphatidylcholine) and 
0.48 (phosphatidy1ethanolamine). Lysophophatidylcholine in 
the phospholipid standard was not detected with the cupric sul-
fate reagent at the concentration applied, and zones that might 
have been lysophophatidylcholine were not seen in the samples. 
Table I presents data for the percentage (w/w) of neutral lip-
ids and phospholipids in the DGG of IE, IS, and CON B. gla-
brata. The level of steryl esters in IS snails was significantly 
increased (P = 0.010) compared with CON snails, but not com-
pared with IE snails (P > 0.05). The phosphatidylcholine level 
in IE snails was significantly decreased (P = 0.007) compared 
with CON, but not compared with IS snails (P > 0.05). No 
significant differences among any of the groups were found in 
the concentrations of free sterols, free fatty acids, triacylgly-
cerols, or phosphatidylethanolamine. 
DISCUSSION 
White et aI. (2006) found that 100% of uninfected B. gla-
brata survived 14 days of aestivation under the same conditions 
used in this study. Patent infection of B. glabrata with S. man-
soni reduced the ability of this snail to survive aestivation under 
our laboratory conditions. This is consistent with previous stud-
ies (Barbosa and Coelho, 1953, 1955) in which patent S. man-
soni infections in B. glabrata did not survive aestivation for 
long periods of time. 
IE snails lost more weight during the experimental period 
than did IS snails; the increased weight loss in IE snails was 
probably due to loss of water, as reported previously (von Brand 
et aI., 1957; Vianey-Liaud and Lancastre, J986a, 1986b) for 
aestivated B. glabrata snails. 
Although no previous study has examined the neutral lipids 
and phospholipids in aestivated B. glabrata infected with S. 
mansoni, the effect of aestivation on the total lipids in unin-
fected B. glabrata has been reported. von Brand et al. (1957) 
determined gravimetrically that the total lipid concentration as 
well as total polysaccharide concentration of the whole body of 
B. glabrata decreased with increasing length of the aestivation 
period. White et al. (2006) examined uninfected-starved and-
aestivated snails and reported a significant decrease in the tria-
cylglycerols in the whole body of uninfected-aestivated and-
starved B. glabrata compared with uninfected-nonaestivated 
snails after 14 days. White et al. (2006), also found that after 
14 days, the steryl ester concentration in the DGG of uninfect-
ed-starved snails was significantly higher than that of unin-
fected-nonaestivated snails but not higher than uninfected-aes-
tivated snails. This finding is in agreement with that in the pres-
ent study. The function of steryl esters in snails is not clear, so 
the importance of the increase in steryl ester concentration as 
a function of starvation is not clear. The present study also 
found that the phosphatidylcholine concentration significantly 
decreased during aestivation of the infected snails. Phosphati-
dylcholine has a structural role in cell membranes, so depletion 
of this lipid could indicate that the larval trematodes are some-
how disrupting the snails' cell membranes. 
This study examined the effects of aestivation on the lipid 
content of B. glabrata patently infected with S. mansoni. The 
en masse exposure method used in the study, i.e., approximately 
8 miracidia/snail, precluded the possibility of determining the 
infection burden on a per snail basis. Some of our snails prob-
ably had a greater sporocyst burden than others. Heavy sporo-
cyst infections probably have a greater impact on the effects of 
aestivation in snails than do light sporocyst infections. In our 
study, we could not determine the effects of heavy versus light 
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sporocyst infection on the lipid content of aestivated snails be-
cause of our snail exposure method. 
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COMPARISON OF MICROTHRIX ULTRASTRUCTURE AND MORPHOLOGY ON THE 
PLEROCERCOID AND ADULT SCOLEX OF CALLIOBOTHRIUM CF. VERTICILLATUM 
(TETRAPHYLLIDEA: ONCHOBOTHRIIDAE) 
c. A. Fyler 
75 N. Eagleville Road U-3043, Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, Connecticut 06269. 
e-mail: caroline. fyler@uconn.edu 
ABSTRACT: The distal bothridial surfaces of adult triloculate onchobothriids are covered with short structures that have been 
tentatively classified as very short filitriches, but this hypothesis has never been tested. Scanning electron microscopy (SEM) and 
transmission electron microscopy (TEM) were used to investigate microthrix morphology in the plerocercoid and adult forms of 
Calliobothrium cf. verticillatum, a triloculate onchobothriid tapeworm from Long Island Sound (Connecticut). Plerocercoids of 
C. cf. verticillatum were collected from the anterior midgut ceaca of Pagurus pollicaris Say, 1817 (flat-clawed hermit crab), and 
adults were collected from the spiral intestine of the dusky smooth hound Mustelis canis (Mitchell, 1815). Two plerocercoids 
and 2 adults were examined using SEM; 2 plerocercoids and 2 adults were examined using TEM. Microthrix distribution and 
morphology (including measurements of total length, base length, shaft length, and base width) were investigated on all surfaces 
of the plerocercoid and adult scolex, Slender filitriches and large bladelike spinitriches were observed extending from the tegument 
of plerocercoid and adult forms, The filitriches were found to have significantly narrower bases than the spinitriches (65-167 nm 
vs, 466-1,936 nm, respectively), The scolex proper of the plerocercoid and adult forms were found to have filitriches of medium-
length and bladelike spinitriches, The distal bothridial surfaces differed dramatically in microthrix morphology between plero-
cercoid and adult forms; on the distal surfaces of the plerocercoids were long filitriches and bladelike spinitriches, However, the 
distal surfaces of the adults had short structures (previously hypothesized to be short filitriches) and a few bladelike spinitriches, 
Serial transverse sections revealed that the short structures on the distal bothridial surfaces of the adults were homologous with 
filitriches, They included all of the structural components of a filithrix as well as a base width that conformed to the filitriches 
found on other surfaces, The bothridial margins of the plerocercoid and adult forms had a microthrix pattern similar to that seen 
on the proximal bothridial surfaces except that the filitriches on the margins were significantly longer than those found anywhere 
else on the bothridia, The most dramatic difference between the plerocercoid and adult forms occurred on the distal bothridial 
surfaces, where the filitriches of the adult cestodes were significantly shorter and narrower, and the spinitriches were almost 
entirely lacking, 
Cestodes are unique among platyhelminthes in their posses-
sion of specialized tegumental extensions called microtriches 
(Rothman, 1959, 1963), Numerous studies examining tapeworm 
ultrastructure have revealed that conspicuous microtrichial 
polymorphism exists among taxa and among regions in a single 
individual (e,g" Berger and Mettrick, 1971; Featherston, 1972; 
Hess and Guggenheim, 1977; Voge et aI., 1979; Thompson et 
aI., 1980, 1982; MacKinnon and Burt, 1983; Novak and Dow-
sett, 1983), Despite their wide morphological diversity, all mi-
crotriches have been shown to conform to one basic structure 
(Jha and Smyth, 1969) consisting of a proximal base with a 
cytoplasmic core, an electron-dense distal shaft, and a base 
plate that separates the base from the shaft. The entire structure 
is enveloped in a plasma membrane, A number of authorities 
(e,g" Hess and Guggenheim, 1977; Voge et aI., 1979; Thomp-
son et aI., 1982; Novak and Dowsett, 1983) have suggested that 
microtriches can be divided into 2 shape categories: long slen-
der and short robust. Of particular interest in this study are the 
very short structures found on the distal bothridial surfaces of 
triloculate onchobothriid genera, e,r, Acanthobothrium Van 
Beneden, 1850 and Calliobothrium Van Beneden, 1850, which 
have been examined extensively using scanning electron mi-
croscopy (SEM) and which appear to be, but have never been 
confirmed as, short and slender microtriches (Caira and Keel-
ing, 1996; Nasin et aI., 1997; Caira et aI., 1999; Caira and 
Burge, 2001; Caira and Zahner, 2001; Ghoshroy and Caira, 
2001; Fyler and Caira, 2006). These structures have been coded 
as such in morphological phylogenetic analyses (Caira et aI., 
1999, 2001); however, given that the internal features of these 
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short structures have never been characterized, their homology 
with microtriches remains unconfirmed. 
Caira and Ruhnke (1991) made a comparison between the 
plerocercoid and adult forms of Calliobothrium cf. verticilla-
tum, a representative triloculate onchobothriid cestode, using 
SEM. Interesting differences in the microthrix patterns between 
plerocercoid and adult forms were observed. The occurrence of 
short structures on the distal bothridial surfaces of the adult was 
described, but the nature of these structures as microtriches was 
not confirmed. 
In the present study, the ultrastructure of these surface fea-
tures was investigated for the first time in the plerocercoid and 
adult forms of C. cf. verticillatum using transmission electron 
microscopy (TEM). TEM allowed the following issues to be 
addressed: the homology of the short structures on the distal 
bothridial surfaces of the adult with microtriches, differences in 
the microthrix patterns between plerocercoid and adult forms, 
and quantification of the differences between the 2 microthrix 
forms. 
MATERIALS AND METHODS 
Four flat-clawed hermit crabs, Pagurus pollicaris Say, 1817, were 
collected from the Long Island Sound region off the coast of Connect-
icut. One of 4 hermit crabs examined was found to host 8 plerocercoids 
of C. cf. verticillatum, The plerocercoids were obtained live from the 
lumen of the anterior midgut caeca of the infected individual. Two 
dusky smooth hounds Mustelus canis (Mitchell, 1815), were collected 
from the Long Island Sound region and upon necropsy were found to 
host over 30 live adults each of C. cf. verticillatum in their spiral in-
testines. 
The terminology of cestode surface structures used in the present 
study follows Faliex et al. (2000), who first proposed the contraction 
filitriches for the long and slender microtriches (previously filiform mi-
crotriches), and spinitriches for the shorter and more robust microtriches 
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(previously piniform microtriche ). Additionally, this paper adopts the 
singular form microthri x from Smyth ( 1969) and likewise uses filithrix 
(s ingular for filitriches) and spinithri x (s ingular for spinitriches). 
The species of cestode examined in the present study had been pre-
viollsly identified as . verticil/alLiin (see Caira and Ruhnke, 1991), but 
recelll research in this genus suggests that C. verlicil/a lum is a specie 
complex in need of taxonomic revision ( a in et aI. , 1997; J. Caira, 
pers. comm.). Thus, for the purpose of this paper, thi ce tode species 
is referred to as C. cf. verlicilla lul11 . Strobilae of adult ce todes were 
prepared a whole mounts using conventional methods and deposited 
as voucher specimens at the United States ational Parasite Collections 
in Beltsvi lle, M ary land (US PC-9924 1-99242). Two voucher speci-
mens each of the plerocercoid and adult stages were prepared for SEM 
and have been retained at the University of Connecticut. 
Two plerocercoids and the col ices of 2 adults were prepared for 
SEM . Live specimens were fixed in 10% bu ffered formalin, transferred 
to 70% ethanol, hydrated in a graded ethanol series, transferred to 1.5% 
osmium tetrox ide overnight, dehydrated in a graded ethanol series, and 
placed in hexamethyldi silizane (HMOS, Ted Pella Inc., Redding, Cali-
fornia) for 15 min . They were allowed to air dry and were subsequently 
mounted on carbon tape and grounded with carbon paint on aluminum 
stubs. Specimens were purter-coated with - 20-30 nm of gold/palla-
dium, and bothridial surfaces were examined with a LEOlZeiss OSM 
982 Gemini Field Emission Scanning Electron Microscope. 
Two plerocercoid and the scolices of 2 adults were prepared for 
TEM. Li ve specimens were fixed for several days in 1.5% glutaralde-
hyde and 1.5% para forma ldehyde in 0. 1 M HEPES bu ffer at pH 7.4, 
followed by several rinses in 0.1 M HEPES buffer. Specimen were post-
fixed in I % osmium tetroxide and 0.8% potassium ferrocyanide in 0.1 M 
HEPES buffer for I hr at 4 C. They were subsequently rinsed in di ti lled 
water 3 times for 10 min. The material was dehydrated in a graded 
ethanol series and cleared in 100% propylene ox ide (PO). Specimens 
were infiltrated with an epoxy resin mixture of Araldite 506, SPI-PON 
812, and OSSA in a 1:2 ratio of re in + OMP30: PO for 4 hr, followed 
by a I : I ratio of re in + OMP30:PO for 14 hr, and finally in 100% 
resin + OMP30 for 5 hr. Specimens were su pended in 100% resin and 
polymerized at 60 C for 48 hr. 
To addre s the identity of the tructures on the bothridial surface, 
serial transver e sections 100 nm in thickness were cut at multiple 
points through the scolex lIsing an LK.B U ltratome III. Sections were 
placed on Cu/Pd grids, stained in 4% uranyl acetate in 50% ethano l for 
7-10 min followed by 1% lead citrate for 3-5 min, and examined u ing 
either a Philips EM300 or an FEI Tecnai Biotw in electron microscope 
at 80 kYo 
For each region, i.e. , scolex proper, di tal urface of bothridium, and 
bothridial margin, of the plerocercoid and adult forms, between 15 and 
30 filitriche and spinitriches were measured for total length (TL), base 
length (BL), shaft length (SL), and base width (BW). Two-sample I-test 
comparisons were performed to quantify variation between filitriches 
and spinitriche , and to explore differences in microthri x morphoiogy 
between the plerocercoid and adu lt forms. All measurements are re-
ported in nm unless otherwise stated. 
RESULTS 
Lar va l and adult ce todes were confirmed a C. cf. verticil-
latum using SEM , based on their P9~sess ion of a relatively 
unique muscular pad bearing 3, rather than a si ngle apical suck-
er. 
Three di tinct regions of the scolex were recognized ba ed 
on microthrix composition. These were scolex proper, dista l 
urface of bothridium, and bothridial marg in (Fig. I ). In total , 
134 fi li triches and 106 bladelike pinitriches were measured for 
thi tudy (Fig. 2). The microthrix patterns on each of these 3 
regions are characterized separately below for the plerocercoid 
and ad ult forms . 
The scolex proper of plerocercoids (Figs. 3, 4) possessed 
medium-length filitriches (TL 738- 1,356; BL 544- 869; SL 
111 - 585 ; BW 92- 148), and blade li ke pinitriche (TL 1,087-
1,862; BL 35 1- 707; SL 499- 1,3 16; BW 519-883). The di stal 
o Bothridial Distal 
FIGURES 1-2. Adult of CalliobolhriufII cf. verlic illalLlIII. (1) Light 
micrograph of transverse section through the scolex showing 3 regions 
based on di tinct microthrix compo ition: scolex proper, distal surface 
of bothridium, and bothridial margin. Bar = 100 !Lm. (2) Transmiss ion 
electron micrograph of the distal margin of the bothridium showing the 
main components of a microthrix on a bladelike spinithrix. Several slen-
der filitriche are also shown (note the base plate of a single fi lithrix 
marked with an asteri sk). Bar = 0.5 !Lm. BP = base plate; CC = cy-
toplasm ic core; OS = distal shaft; PB = prox imal base. 
surfaces of the bothridia of plerocercoids (Figs. 5, 6) had long 
filitriche (TL 1,792- 3,766; BL 426-692; SL 1,32 1-3,295; BW 
100- 167) and bladelike pinitriche (TL 763- 1,789; BL 307-
536; SL 364-1,270; BW 466-744). The bothridial margin 
(Fig. 7, 8) had long filitr iches (TL 2,411- 6,369; BL 365-629; 
SL 2,027-5,326; BW 81-107) that were significantly longer 
than those found anywhere e lse on the sco lex and bladelike 
pinitriches (TL 914- 1,646; BL 39 1- 656; SL 43 1- 1, 123; BW 
500- 805). 
The scolex proper of adults (Figs. 9, 10) possessed medium-
length filitriches (TL 465-940; BL 276-384; SL 190- 604; BW 
84- 1 16) and bladelike pinitriches (TL 934- 1,479; BL 4 16-
600; SL 342- 1,003; BW 625-894). The di sta l surfaces of the 
bothridia of adults (Fig. 11 , 12) exhibited mall tructure (TL 
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FIG RES 3- 8. Plerocercoid of Cal/iobolhriu/II cf. verlicil/a lum . (3) Scanning electron micrograph of the scolex proper of the bothridium showing 
medium- length fi litriches and bl adelike spinitriches. Bar = 1.0 I.LlTI. (4) Transmiss ion electron micrograph of the scolex proper of the bothridium 
showing medium- length filitri ches and bladelike spinitriches. Bar = 0.5 fLm . (5) Scanning electron micrograph of the di tal surface of the 
bothr idium showing long fi li tri ches. Bar = 1.0 ..... m. (6) Transmission electron micrograph of the di tal surface of the bothridium howing long 
filitriches and bladelike spini tri ches. Bar = 1.0 ..... m. (7) Scanning electron micrograph of the di stal margin showing the interface between distal 
surface and distal margin . Bar = 2.0 ..... m. (8) Transmiss ion electron micrograph of the distal margin showing the interface between distal surface 
and distal margin (ar rows mark boundaries of dislal margin). Bar = 5.0 ..... m. 
150- 258; BL 60- 109; SL 82- 154; BW 65- 109) that TEM re-
vealed con isted o f a prox imal base with a cytoplasmic core, 
an electron-dense distal shaft, and a ba e plate, consistent with 
microthri x morpho logy. Three bladelike pinitriches were also 
found on the distal surface, and their presence in transmission 
electron micrographs, albeit sparse, was confirmed using SEM 
( in ets Figs. I I , 12). Because of their limited number (n = 3), 
measurements were not taken for pinitriches in thi s region. The 
bothridial margins (Figs. 13, 14) exhibited long filitri ches (TL 
820- 1,4 14; BL 347- 532; SL 429- 1,066; BW 70- 100) that 
FYLER- MICROTHRIX ULTRASTRUCTURE OF AN ONCHOBOTHRIID CESTODE 7 
FIG RES 9- 14. Adult of Cal/iobOlhriLlIl1 c f . verticil/atLilII . (9) Scanning electron micrograph of the scolex proper of the bo thridium showing 
medium- length filitri ches and bladelike spinitriches. Bar = I !Lm. ( 10) Transmi ss ion electron micrograph of the scolex proper of the bothridium 
showing a bladelike spinithrix, multiple filitriches, and a sensory SlrUClllre with cilium and sensory cells. Bar = 0.5 !Lm. C = cilium; SC = 
sensory cells. (I I ) Scanning electron micrographs of the distal surface of the bothridium howing short filitriches. Bar = 1.0 !Lm. Inset shows a 
sing le bladelike spinithrix from the distal surface. Inset Bar = 1.0 !Lm. (12) Transmiss ion electron micrographs of the distal surface of the 
bothridium showing short filitriches. Bar = 0.25 !Lm. BP = base plate; CC = cytoplasmic core; DS = di stal shaft : PB = proximal base. Inset 
shows a ing le bladelike spinithrix from the distal surface. Inset Bar = 0.25 !Lm. ( 13) Scanning electron micrograph of the distal margin howing 
the interface between di t.al surface and distal margin. Bar = 2.0 !Lm. ( 14) Transmiss ion electron micrograph of the distal margin showing the 
interface between distal surface and distal margin (arrows mark boundaries of the distal margin). Bar = 2.0 !Lm. 
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FIG RES 15- 16. Adult of Cal/iobo/hriulII cf. ver/icil/a /lIl11 . ( 15) co-
lex proper of bothridium showing medium- length fi litriches in trans-
verse section. Bar = 1.0 f.Lm . Inset shows a single medium-length fil -
ithrix in transverse section. Inset bar = 0.05 f.Lm. CC = cytoplasmic 
core; PB = prox imal base. ( J6) Distal surface of bothridium showing 
shol1 filitri ches in transverse section. Bar = 1.0 f.Lm . Inset shows a single 
short fi lithri x in transverse section. Inset bar = 0.05 f.Lm . CC = cyto-
plasmic core; PB = prox imal base. 
were significantly longer than tho. e found anywhere else on the 
scolex and bladel ike pinitriche CPt. 1,026-2,6 19; BL 327-
587; SL 570-2,259; BW 533- 1,036). Tran verse secti ons 
through the medium length fi l itriches on the scolex proper (Fig. 
15) and through the small structures on the dista l urface (Fig. 
16) were indistinguishable. 
Filitri ches and spinitriche. were found to differ significantly 
in base width , with the filitriches being significantly narrower 
than the spin itri che (see Table I). The compari ons between 
filitriches and pinitri ches of sub equent l ife stage confirmed 
that a number of microthri x component di ffered ignificantl y 
from the plerocercoid to the adult stage (Table II ). However, 
the di f ferences observed on the di tal surface were most dra-
matic; the fi li triche decreased signi ficantl y in total length shaft 
TABLE I. Microthrix comparison between fi li triches and pinitriches of 
C. cf. verticil/a/lIm.* 
Character Fi lithrix Spinithrix p Value 
Tota l length 1,448 :!: 1,304; 125 1,226 :!: 298; 96 0.067 
Base length 4 19 :!: 205 ; 128 480 :!: 90; 104 0.003 
Shaft length 972 :!: 1, 134; 122 745 :!: 3 16; 97 0.037 
Base w idth 98 :!: 20; 134 695 :!: 11 9; 106 O.OOOt 
• M easurements are given as mean. fo llowed by standard deviation and number 
or microtrichcs examined: all measurements are in nanometers. 
t fJ < 0.00 1 is considered statistica lly significant. 
length , base length , and base width, and the pinitriche dis-
appeared almo t entirely. 
DISCUSSION 
The short structure found on the di tal bothridial urface 
of adult tril oculate onchoboth riid cestodes generally have been 
interpreted to represent hort filitriches (Caira and K eeling, 
1996; as in et aI. , 1997; Caira et aI. , 1999; Caira and Burge, 
200 I ; Caira and Zahner, 200 I ; Ghoshroy and Caira, 200 I ; Fy ler 
and Caira, 2006), but thi hypothesi has not been tested. In the 
pre ent study, the ultrastructu re of the hort elements found on 
the distal bothridial surfaces of adu lt C. cf verlicilla lum wa 
found to be consi tent with previously publi hed data on mi -
crothri x morpho logy. These structures posse sed all of the com-
ponent of a microthri x, including a prox imal ba e, a distal 
haft, a ba e plate, and a cytopla mic core (Fig. 12). In fact, 
transverse section through the base of the e structure were 
indistinguishable from tran ver e ections through the ba e of 
medium-length filitriches on the sco lex proper (Figs. 15, 16). 
Previous studies comparing scolex ultrastructure between the 
plerocercoid and adult forms of cestode are limited. Andersen 
( 1974) showed remarkable imilarity in the microtriches of the 
plerocercoid and adult col ices of Diphyllobothrium dendritium 
( itz ch, 1824), D. latum (L. 1758), and D. ditremum (Creplin , 
1825). Likewise, M acKinnon et al. ( 1985) reported similari ty 
in the plerocercoid and adult scoli ces of Haplobothrium glob-
uliforme Cooper, 19 14. Coggins ( 1980) found that larva l mi -
crotri che o f Proteocephalus ambloplitis Leidy, 1887 were dif-
ferent from tho e found in the adu lt, but it is unclear in his 
study which ites were being compared between plerocercoid 
and adu lt forms. In the present tudy, the microt.hri x pattern o f 
the life cycle stage immediately preceding the adult, i.e. , the 
plerocercoid, di ffered in a number of re pects from that een in 
the adult; the mo t dramatic differences were seen on the distal 
bothridi al urface . Wherea the plerocercoid exhibited long fi l-
itriches and bladelike spinitriche on the distal surface , the 
adu lt had very short filitriches and a small number of bladel ike 
spinitri che . The infrequent occurrence of spinitriches on the 
distal surfaces of tril oculate onchobothriid ce todes a adults 
has been documented before ( asin et aI. , 1997; Caira and Zah-
ner, 200 I ) and is interpreted here a remnant of the previous 
li fe cycle stage. 
The present study upport the prev ious hypothes i (H e sand 
Guggenheim, 1977; Voge et aI. , 1979; Thompson et aI. , 1982; 
ovak and Dowsett, 1983) that microtriches in general can be 
div ided into 2 shape categories, i.e., fi litriches and spinitriches, 
ba ed on the terminology of Faliex et al. (2000), and sugge t 
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TABLE II. Microthrix comparison between plerocercoid and adult forms of C. cf. verticillatum. * 
Character Plerocercoid Adult 
Proximal surface 
Filitriches 
Total length 982 :!: 171;16 641 :!: 109; 22 
Base length 723 :!: 105; 18 330 :!: 31; 22 
Shaft length 235 :!: 112; 18 313 :!: 104; 20 
Base width 117 :!: 15; 19 96 :!: 9; 24 
Spinitriches 
Total length 1,373 :!: 192; 30 1,083 :!: 164; 15 
Base length 510 :!: 95; 30 526 :!: 56; 15 
Shaft length 869 :!: 228; 30 561 :!: 199; 15 
Base width 716:!: 106; 29 753 :!: 83; 17 
Distal surface 
Filitriches 
Tota11ength 2,510 :!: 612; 19 190 :!: 33; 22 
Base length 546 :!: 69; 22 76 :!: 14; 22 
Shaft length 2,006 :!: 594; 18 114 :!: 23; 22 
Base width 126 :!: 18; 21 84:!: 14; 22 
Spinitriches 
Total length 1,023 :!: 294; 18 NA:j: 
Base length 414 :!: 68; 21 NA 
Shaft length 597 :!: 271; 18 NA 
Base width 600:!: 88; 22 NA 
Distal margin 
Filitriches 
Total length 3,790 :!: 1,254; 18 1,112 :!: 165; 28 
Base length 484:!: 85; 17 425 :!: 54; 27 
Shaft length 3,135 :!: 1,078; 16 690 :!: 177; 28 
Base width 93 :!: 9; 19 81 :!: 7; 29 
Spinitriches 
Total length 1,130 :!: 188; 15 1,383 :!: 401; 18 
Base length 517 :!: 78; 17 439 :!: 81; 21 
Shaft length 611 :!: 193; 15 942 :!: 433; 19 
Base width 667 :!: 110; 18 743 :!: 138; 20 
* Measurements are given as mean, followed by standard deviation and number of microtriches examined; all measurements are in nanometers. 
t p < 0.001 is considered statistically significant. 
:j: NA = measurements are not indicated because of insufficient sample size. 
pValue 
O.OOOt 
O.OOOt 
0.033 
O.OOOt 
O.OOOt 
0.465 
O.OOOt 
0.189 
O.OOOt 
O.OOOt 
O.OOOt 
O.OOOt 
NA 
NA 
NA 
NA 
O.OOOt 
0.017 
O.OOOt 
O.OOOt 
0.025 
0.005 
0.006 
0.065 
that the smaller form is readily distinguished from the larger 
form in its significantly narrower base width, i.e., 65-167 nm 
versus 466-1,936 nm, respectively. Several authors have pos-
tulated that the 2 distinct microthrix forms have 2 distinct func-
tions, i.e., the robust and rigid spinitriches being used for abra-
sion and attachment and the elongate, slender, and flexible fil-
itriches to increase surface area and fafilitate absorption (Hess 
and Guggenheim, 1977; Novak and Dowsett, 1983). Consistent 
with the previous hypotheses, the bladelike spinitriches seen 
here seem appropriately configured for attachment, and their 
posteriorly pointing tips add additional support for their use in 
maintaining the worm's position in the intestine. Many filitrich-
es, however, are equipped with long electron-dense shafts (Figs. 
2, 6, 8, 14), which seem poorly configured for the previously 
proposed function of increasing surface area to facilitate ab-
sorption. The present study supports the multifunctional hy-
potheses of Rothman (1963) and Hayunga (1991), which sug-
gest that the electron-dense distal shaft of filitriches is used in 
attachment, while the electron-lucent base is used in nutrient 
absorption. Assuming an attachment function for the filithrix 
shaft, it is apparent from these results that the plerocercoid sco-
lex of C. cf. verticillatum has a greater attachment potential 
than that of the adult scolex of C. cf. verticillatum since all 
significant changes in filithrix shaft length resulted in a decrease 
from plerocercoid to adult stages (Table II). It is likely that the 
adult, which, with the development of its strobila, is conspic-
uously longer than the plerocercoid, is no longer reliant solely 
on the scolex for attachment purposes. The surface of the stro-
bila of adult cestodes (induding C. cf. verticillatum) is typically 
covered with densely arranged elongate posteriorly directed mi-
crotriches (e.g., Andersen, 1974; Thompson et aI., 1982; Caira 
et aI., 1999), adding additional support for their use in main-
taining position. 
The phylogenetic relationships between onchobothriid ces-
todes are poorly known. Robust molecular phylogenies for the 
onchobothriids and their relatives do not exist. Morphological 
phylogenies suggest the monophyly of the Onchobothriidae, but 
the evolutionary relationships among the onchobothriid genera 
are not well understood. In the most complete phylogenetic 
analysis to date (based on 157 morphology characters in 32 
• 
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onchobothriid taxa), a triloculate clade was found nested within 
the uniloculate and biloculate groups (Caira et aI., 2001), yet 
the presence of triloculate bothridia remains the only robust 
synapomorphy uniting these taxa. The present study, along with 
the previous morphological analyses (Caira et aI., 1999,2001), 
reveals an interesting trend in the microthrix patterns of the 
distal bothridial surfaces of adult onchobothriid cestodes. Un-
iloculate genera such as Balanobothrium Hornell, 1911, Pachy-
bothrium Baer and Euzet, 1962, Pedibothrium Linton, 1908, 
and Potamotrygonocestus Brooks and Thorson, 1976, have 
been found with bladelike spinitriches and long filitriches on 
their distal bothridial surfaces. In contrast, species of triloculate 
genera, i.e., Acanthobothrium, Acanthobothroides Brooks, 
1977, Calliobothrium, Dicranobothrium Euzet, 1953, and 
Platybothrium Linton, 1890, always exhibit short filitriches and 
occasionally a few bladelike spinitriches on their distal surfaces 
as adults. The biloculate genera have a less consistent pattern, 
with different genera displaying various microthrix patterns, 
i.e., Phoreiobothrium Linton, 1889, with short filitriches and 
sparse bladelike spinitriches and Biloculuncus Nasin, Caira and 
Euzet, 1997, with spinitriches and long filitriches. It is worth 
noting that the plerocercoid of C. cf. verticillatum was found 
to have a scolex condition similar to that seen in the adults of 
uniloculate genera, i.e., spinitriches and long filitriches on the 
distal bothridial surfaces. It is possible that the change in scolex 
microthrix composition between the plerocercoid and adult 
forms represents a developmental synapomorphy uniting the 
triloculate cestodes. Future work examining the plerocercoid 
stage of other onchobothriid cestodes and a robust phylogeny 
of the Onchobothriidae is necessary to address this hypothesis 
more fully. Microtriches of cestodes have been previously hy-
pothesized to be of systematic utility (MacKinnon and Burt, 
1983; Richmond and Caira, 1991; Beveridge and Jones, 2000), 
and the present study supports this hypothesis; microtriches 
have the potential to be important taxonomic and phylogenetic 
markers and should continue to be explored in this context. 
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HOUSEHOLD RISK FACTORS FOR TRYPANOSOMA CRUZI SEROPOSITIVITY IN TWO 
GEOGRAPHIC REGIONS OF ECUADOR 
Carla L. Black, Sofia Ocaiia*, Diana Rinert, Jaime A. Costal est+. Mauricio S. Lascano*t, Santiago Davila§, 
Laura Arcos-Teran*, J. Richard Seed, and Mario J. Grijalva*tll 
Department of Epidemiology, School of Public Health, University of North Carolina, Chapel Hill, North Carolina, 27599. 
e-mail: grijalva@ohiou.edu 
ABSTRACT: Few studies on the relationship between environmental factors and Trypanosoma cruzi transmission have been 
conducted in Ecuador, We conducted a cross-sectional study of household risk factors for T. cruzi seropositivity in 2 distinct 
geographical regions of Ecuador, Exposure information was collected via household surveys, and subjects were tested for sero-
logical evidence of T, cruzi infection, In total, 3,286 subjects from 997 households were included, In the coastal region, factors 
associated with seropositivity were living in a house with a palm roof (odds ratio [OR] = 2,63, 95% confidence interval, 
[1,61,4,27]), wood walls (OR = 5,75 [2,04, 16,18]), or cane walls (OR = 2,81 [1,31,6,04]), and the presence of firewood in 
the peridomicile (OR = 2,48 [1.54, 4,01]), Accumulation of trash outside the home was associated with a reduced risk of 
seropositivity (OR = 0.25 [0,12, 0,51]), In the Andean region, living in a house with adobe walls was the only factor predictive 
of T, cruzi seropositivity, In conclusion, risk factors for T, cruzi transmission in Ecuador varied by geographic region, probably 
because of differing behavior of the triatomine vector species in each region, An understanding of the transmission dynamics of 
T. cruzi in a particular area is necessary for the development of effective Chagas disease control strategies in those areas, 
An estimated 120,000 to 200,000 people in Ecuador are in-
fected with Trypanosoma crud, the causative agent of Chagas 
disease, and 25% of the entire population of Ecuador is esti-
mated to be at risk for infection (Aguilar et aI., 1999), However, 
few studies have been conducted to examine the relationship 
between environmental factors and risk of T. crud transmission 
in Ecuador, An understanding of these risk factors is necessary 
for the development of appropriate intervention strategies in 
endemic areas of Ecuador, Previous studies from other parts of 
Latin America have identified housing construction materials 
and characteristics of the peridomicile area such as accumula-
tion of firewood outside the house and the presence of palm 
trees as factors associated with both infection with T. crud and 
household infestation with the triatomine vectors of T, crud 
(Mott et aI., 1978; Zeledon and Vargas, 1984; Starr et al" 1991; 
De Andrade et al" 1995; Greer et al" 1999; Rizzo et aI., 2003), 
Risk factors for T, cruzi transmission in a particular area 
depend on regional living habits and the behavior of local vec-
tor species, The Southern Cone Initiative has achieved success 
in interrupting transmission of T. cruzi in Chile, Uruguay, and 
parts of Brazil and Argentina through systematic spraying with 
residual insecticides aimed at eliminating domiciliary popula-
tions of Triatoma infestans, the insect vector of T. crud in this 
region, Unlike T, infestans, which is almost strictly domicili-
ated, the main insect vectors of disease in Ecuador are reported 
to be Triatoma dimidiata, Triatoma carrioni, and Rhodnius ecu-
adoriensis, which have been found in domestic, peridomestic, 
and sylvatic habitats (WHO, 2000;·Abad-Franch, 2001), Inter-
ventions targeted at controlling domestic vector populations 
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such as T. infestans may not be as effective against other tria-
tomine species. 
Ecuador is divided into several unique geographical regions, 
each with different insect vectors of T, cruzi, Risk factors for 
T. cruzi infection may vary in differing parts of the country 
(Abad-Franch et al., 2001), A recent study from the Amazon 
region of Ecuador found that T. crud seropositivity in this area 
was associated with living in a house with a thatch roof or open 
wall construction (Grijalva et aI., 2003), The aim of the current 
study is to evaluate the relationship between housing charac-
teristics and T, cruzi seropositivity in 2 other geographically 
distinct regions of Ecuador, the coastal lowlands and the An-
dean highlands. 
MATERIALS AND METHODS 
Study population 
The study population consisted of all residents of 14 selected com-
munities in rural areas of the Manabf, Guayas, and Loja provinces of 
Ecuador. Manabf and Guayas are both coastal regions with a tropical 
climate, whereas Loja has a temperate climate and is located in the 
Andean highlands of southern Ecuador, To be included in the study, the 
head of the household to which the subject belonged must have con-
sented to participate in a household interview, and the subject must 
have attended a study-sponsored medical clinic, established in collab-
oration with the Ecuadorian Ministry of Health, where a blood sample 
was drawn for serological testing for T. cruzi. All subjects with sero-
logical evidence of infection with T. cruzi were considered cases, and 
all subjects without serological evidence of infection with T, cruzi 
served as controls. Subjects were excluded from the analyses in the 
present study if they did not provide a blood sample or if the blood 
sample provided was not suitable for serological testing. All study pro-
cedures were approved by the Institutional Review Board of Ohio Uni-
versity and the Ethical Committee of Catholic University of Ecuador. 
Approval for secondary data analysis was granted by the Institutional 
Review Board of The University of North Carolina School of Public 
Health, 
Serological testing 
For all 3 study sites, initial screening was performed by enzyme-
linked immunosorbent assay (ELISA) by using detergent-extracted T. 
cruzi epimastigote antigens as described previously (Grijalva et ai., 
1995). The optical density (OD) values of positive and negative controls 
were analyzed and used to define the limits for seropositivity and se-
ronegativity of the assay. OD values within 2.5 standard deviations 
(SDs) of the OD average for the positive controls were considered se-
roposillve, and all aD values within 2.5 SDs of the aD average for 
negative controls were considered negative. Sera previously confirmed 
as anti-To cruzi seropositive served as positive controls. Samples that 
did not fulfill the criteria for positive or negative were classified as 
borderline. Positive and borderline samples were assayed at least 2 more 
times. Samples that were positive at least 3 times were considered pos-
itive. Samples with repeated borderline results were considered nega-
tive. All tests were based on a single blood sample. 
For samples collected in the Manabf province in 2001, all samples 
positive by the initial ELISA were confirmed by immunofluoresence at 
the Centers for Disease Control and Prevention (Atlanta, Georgia). All 
samples collected in the Loja province in 2002 that were positive by 
the initial ELISA and approximately 50% of the negative samples were 
subsequently tested with 2 commercially available ELISA kits (Cha-
gatest ELISA recombinante version 3.0; Wiener Labs, Rosario, Argen-
tina; and Chagas Serum Antibody Detection Assay Microwell ELISA; 
IVD Research Inc., Carlsbad, California) and a commercial indirect 
hemagglutination test (Chagatest HAIl; Wiener Labs). All samples col-
lected in Guayas province also were tested using Chagatest ELISA re-
combinante version 3.0 and Chagatest HAL These tests were performed 
according to the manufacturers' instructions. Samples from these prov-
inces that were positive by the recombinant ELISA or by at least 2 of 
the other tests were considered positive. 
Analysis of risk factors 
Risk factors of interest were the type of material used in the construc-
tion of the roof, walls, and floor of the house; the presence of palm 
trees near the house; and the accumulation of firewood, lumber, rocks 
and bricks, trash, and organic matter (defined as palm tree leaves, ag-
ricultural products, or agricultural refuse) in the peridomicile area. The 
peri domicile was defined as the area within 20 m of the house. Exposure 
information was ascertained by trained study personnel who visited each 
household. 
Odds ratios (ORs) and corresponding 95% confidence intervals (CIs) 
for the associations between T. cruzi seropositivity and each exposure 
were calculated with logistic regression. Generalized estimating equa-
tions (GEEs) were used to account for the correlation of individuals 
within households. GEEs were implemented with the GENMOD pro-
cedure in SAS. For instances in which zero cases occurred in 1, or 
more, exposure categories and thus an OR could not be calculated, 
differences between exposed and unexposed categories were compared 
with the Fisher exact test. A P value of :s0.05 was considered indicative 
of a statistical difference between the 2 groups. All analyses were per-
formed using SAS version 8.2 (SAS Institute, Cary, North Carolina). 
Because the species of triatomine vectors and their behavior vary by 
geographic region, we speculated that risk of seropositivity associated 
with each exposure might differ by geographic region. To test for such 
an effect modification, an interaction term between exposure and region 
was included in the logistic regression models for each exposure. Re-
gion was dichotomized as "coastal" for the Manabf and Guayas prov-
inces and "highlands" for the province of Loja. Manabf and Guayas 
are contiguous provinces with the same insect vectors of T. cruzi re-
ported from both locations, whereas Loja is geographically distinct with 
different triatomine vector species. The significance of the interaction 
term was tested with the Wald test. An C'l level of 0.10 was considered 
statistically significant for the presence of interaction. 
Significant interactions were detected between geographic region and 
the variables for firewood and trash in the peri domicile. Although the 
interaction term between region and rockslbricks was not statistically 
significant, the OR for the association between seropositivity and rocks 
and bricks was on the opposite side of the null for the different geo-
graphic regions. Therefore, an interaction term between exposure and 
region was included in the logistic regression models for all peridomi-
cile exposures. Interactions with region could not be assessed for roof 
type, wall type, and palm trees because zero cases occurred in the ref-
erent categories of these variables in the highland region. Therefore, the 
logistic regression analyses of these exposures were restricted to sub-
jects in the coastal region. An interaction term could not be included 
in the model for floor type because of collinearity between flooring 
materials and geographic region. Separate models with floor type were 
run for subjects in the coastal and highland regions. 
In the coastal region, the OR for the association between seroposi-
tivity and roof type was adjusted for floor type and vice versa. Con-
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TABLE I. Housing characteristics by province. 
Loja 
Manabf (n* = 304) Guayas 
Exposure (n* = 278) n* (%) (n* = 415) 
Type of roof 
Cementlasbestos/zinct 181 (66.06) 21 (6.98) 398 (96.36) 
Tile 0(0) 279 (92.69) 0(0) 
Palm 85 (30.80) 1 (0.33) 13 (3.15) 
Other 1 (0.36) 0(0) 2 (0.48) 
Type of walls 
Cement 60 (21.82) 48 (15.89) 155 (37.53) 
Adobe 0(0) 235 (77.81) 0(0) 
Wood 9 (3.27) 11 (3.64) 11 (2.66) 
Cane 206 (74.91) 7 (2.32) 244 (59.07) 
Other 0(0) 1 (0.33) 3 (0.73) 
Type of floor 
Cementltile/parquet 53 (19.13) 48 (16.00) 105 (25.42) 
Wood boards 132 (47.65) 8 (2.67) 227 (54.96) 
Cane 75 (27.08) 0(0) 58 (14.04) 
Dirt 17 (6.14) 244 (81.33) 23 (5.57) 
Palm trees 153 (57.74) 18 (6.45) 68 (16.46) 
Organic matter 64 (24.24) 75 (25.00) 68 (16.46) 
Firewood 132 (50.00) 154 (51.33) 86 (20.77) 
Rocks and bricks 12 (4.55) 37 (12.33) 60 (14.49) 
Trash 34 (12.88) 63 (21.00) 199 (48.07) 
Lumber 24 (9.09) 21 (7.00) 61 (14.73) 
* n is number of households. 
t Asbestos, pleated roofing sheets made of asbestos fibers and cement. 
struction material of walls was highly correlated with type of roof and 
type of floor. Therefore, estimates for wall type were not adjusted for 
other housing materials due to issues of collinearity. 
RESULTS 
Subjects from 1,029 (80%) of the 1,293 households in the 
study areas presented to the medical clinics and were eligible 
for participation in the study. Twenty-seven percent (1,244) of 
the 4,530 eligible subjects did not contribute a blood sample 
and were excluded from further analyses. Approximately 75% 
of those not contributing a blood sample were children less than 
10 yr of age. Therefore, the study popUlation on which this 
analysis is based consisted of 3,286 subjects from 997 house-
holds. The houses of study participants in the coastal region 
were significantly more likely to have zinc roofs and wood 
board floors than houses of nonparticipating subjects. Housing 
characteristics did not differ between participants and nonpar-
ticipants in the highland region. 
Housing characteristics by province are given in Table I. The 
majority of houses in Loja were constructed of tile roofs 
(92.7%), adobe walls (77.8%), and dirt floors (81.3%). Tile 
roofs and adobe walls were completely absent in the Manabf 
and Guayas provinces. In the coastal provinces of Manabf and 
Guayas, the main housing construction materials were zinc or 
Etemit roofs, cane walls, and wood board floors. Etemit is a 
roofing material consisting of pleated sheets of asbestos fibers 
and cement, hereafter referred to as asbestos. In Manabf prov-
ince, palm roofs (30.8%) and cane floors (27.1 %) were also 
common. Palm trees outside the home were more common in 
Manabi (57.7%) than in Guayas (16.5%) and Loja (6.5%). 
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TABLE II. Frequency of cases and non-cases by exposure status and odds ratio (OR) and 95% confidence interval (CI) for the association between 
each exposure and seropositivity in each geographic region. 
Coastal (73 cases/2,311 noncases) Highlands (32 cases/870 noncases) 
No. of No. of 
Exposure caseslnoncases OR (95% CI) cases/noncases OR (95'% CI) 
Type of roof* 
Cementlasbestoslzinc 48/1,911 0167 
Tile 010 321797 
Palm 25/382 2.59 (1.56, 4.31) 010 
Type of wallst 
Cement 101717 0/138 
Adobe 010 291715 
dWood 5163 5.75 (2.04, 16.18) 1111 
Cane 58/1514 2.81 (1.31, 6.04) 010 
Type of floort 
Cementltile/parquet 111536 3/138 
Wood boards 40/1193 1.48 (0.70, 3.12) 0/24 
Cane 151441 1.12 (0.48, 2.60) 010 
Dirt 7/131 1.71 (0.62, 4.68) 291703 1.82 (0.55, 6.02) 
Palm trees 291730 1.44 (0.89, 2.33) 0/47 
Organic matter§ 13/441 0.87 (0.46, 1.65) 7/204 0.89 (0.33, 2.43) 
Firewood§ 42/39 2.48 (1.54, 4.01) 14/452 0.70 (0.32, 1.52) 
Rocks and bricks§ 5/233 0.62 (0.23, 1.70) 6/98 1.79 (0.76,4.21) 
Trash§ 81762 0.25 (0.12, 0.51) 10/185 1.66 (0.69, 3.98) 
Lumber§ 6/266 0.63 (0.26, 1.54) 2/60 0.85 (0.23, 3.07) 
* Coastal estimate adjusted for type of floor. 
t Analysis in highlands region excludes 2 cases and 3 controls living in a house with no walls. 
:j: Separate analyses for coastal and highland regions; coastal estimate adjusted for type of roof. 
§ Model contains interaction term between exposure and region. 
Overall, 73 seropositive cases were detected in the coastal 
region, and 32 cases were detected in the highland region, cor-
responding to a prevalence of T. cruzi seropositivity of 5.7% 
(59/1,041), 1.0% (14/1,343), and 3.6% (32/902) in the provinc-
es of Manabf, Guayas, and Loja, respectively. 
The frequency of cases in each exposure group and the cor-
responding odds ratios for the association between each house-
hold exposure and seropositivity are given in Table II, stratified 
by region. In the coastal region, factors associated with being 
seropositive were living in a house with a palm roof (OR = 
2.59 [1.56, 4.31]), wood walls (OR = 5.75 [2.04, 16.18]), or 
cane walls (OR = 2.81 [1.31, 6.04]), and the presence of fire-
wood in the peridomicile area (OR = 2.48 [1.54, 4.01]). Ac-
cumulation of trash outside the home was associated with a 
~ , 
reduced risk of seropositivity (OR = 0.25 [0.12, 0.51]). The 
estimates associated with palm roofs and cane walls are very 
similar (odds ratios of 2.59 and 2.81, respectively). Because 
these 2 factors are highly correlated and were not controlled 
for one another in a single model, it cannot be determined 
whether both are independently associated with seropositivity 
or whether the observed effect of one of these factors is due to 
confounding by the other. However, in an analysis restricted to 
subjects living in households with zinc or asbestos roofs, the 
relationship between cane walls and seropositivity for T. cruzi 
was similar to that seen in the overall analysis (OR = 2.37 
[1.07, 5.28]), suggesting that cane walls are related to seropos-
itivity independently of roof type. An analysis of roofing ma-
terials stratified by wall type was not possible because no hous-
es with cement walls had a palm roof. 
In the highlands region, a formal OR could not be calculated 
for tile or palm roofs, adobe or wood walls, wood board floors, 
or palm trees because zero cases occurred in the referent cate-
gories of these exposure groups. However, the proportion of 
cases living in houses with adobe walls (271744) was signifi-
cantly higher than in households with cement walls (0/138, P 
= 0.0154). The difference was not statistically significant for 
wood walls or for the comparison between tile roofs and metal 
roofs (P = 0.1628). No characteristics of the peridomicile were 
strongly associated with T. cruzi seropositivity in the highlands 
region (Table II). Weak positive associations were observed for 
rocks and bricks (OR = 1.79 [0.76, 4.21]) and trash (OR = 
1.66 [0.69, 3.98]), although these estimates are imprecise due 
to the low number of cases in this region. 
DISCUSSION 
We found that compared with cement Walls, cane and adobe 
walls in the coastal and highland regions of Ecuador, respec-
tively, were associated with an increased risk of T. cruzi sero-
positivity. Previous studies investigating wall construction and 
seropositivity failed to find an association (Gurtler et aI., 1998; 
Greer et aI., 1999), although a few studies have shown adobe 
walls to be associated with household infestation of triatomines 
(Starr et aI., 1991). Adobe walls are prone to cracking and pro-
vide hiding places and breeding sites for triatomine insect vec-
• 
tors of T. cruzi. Wood or cane walls can contain open spaces 
and perhaps facilitate triatomine infestation through a similar 
mechanism. 
In the coastal provinces, individuals living in a house with a 
palm thatch roof were almost 3 times as likely to be seroposi-
tive for T. cruzi as those individuals living in houses with roofs 
composed of zinc or asbestos. Previous studies reported asso-
ciations between thatched roofs and T. cruzi seropositivity in 
areas where Rhodnius prolixus and Triatoma dimidiata were 
the main vectors of transmission (Greer et aI., 1999; Rizzo et 
al., 2003). Sylvatic populations of R. prolixus are found in palm 
trees and are thought to colonize houses via passive transport 
in the palm leaves used in the construction of thatched roofs 
(D' Alessandro et aI., 1984; WHO, 2000). Sylvatic populations 
of Rhodnius ecuadoriensis have been reported from the Manabi 
province (Abad-Franch et al., 2001) and could be introduced 
into thatched roof homes in this area by a similar mechanism. 
The observed association with palm roofs also could be an ar-
tifact resulting from the high correlation between palm roofs 
and cane walls. 
The presence of firewood, junk piles, and agricultural prod-
ucts outside of the house have been reported to be associated 
with household infestation of triatomines (Zeledon and Vargas, 
1984; Enger et aI., 2004). Interestingly, we found in the coastal 
region that accumulation of trash in the peri domicile area was 
protective against seropositivity to T. cruzi. Although the esti-
mates were unstable, the accumulation of organic matter, rocks, 
and lumber seemed to be protective as well. Only the presence 
of firewood outside the home was associated with an increased 
risk of seropositivity. A protective effect against T. cruzi infec-
tion by any of these items has not been reported in the literature. 
However, in a previous analysis by our group of a different 
population from the Manabi province, we found that the ac-
cumulation of organic matter outside the house was inversely 
associated with T. cruzi seropositivity (M. Grijalva, unpubI. 
obs.). Perhaps the presence of these materials in the peridomi-
cile provides sufficient refuge for the triatomines such that they 
have colonized these habitats rather than the intradomicile. An 
entomological search conducted in the Manabi province 3 yr 
after the data for the present study were collected seems !o 
support this hypothesis, because the majority of captured tria-
tomines were found outside of houses in piles of wood and 
brick, chicken nests, and guinea pig pens (M. Grijalva, unpubI. 
obs.). The finding that firewood is associated with an increased 
risk of infection is also consistent with this hypothesis as fire-
wood is brought into the home on a regular basis and could 
serve to passively transfer the triatomipe: vectors into the do-
micile. 
The idea that the presence of triatomione habitats in the per-
idomicile decreases the likelihood of intradomicilliary coloni-
zation is not supported by a recent study from Mexico, which 
reports that junk piles in the yard are associated with intradom-
icilliary and peridomicilliary infestation by Triatoma pallidi-
pennis, whereas agricultural products in the yard were associ-
ated with intradomiciilairy infestation but not peridomicilliary 
infestation (Enger et aI., 2004). 
An additional explanation for the protective effect of trash 
and other materials in the peridomicile is that these items might 
attract predators of the triatomine, such as rodents and other 
small mammals, thereby reducing the triatomine populations. 
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Alternatively, these small mammals may serve as a food source 
for the triatomine insects, decreasing the need for the vectors 
to enter the houses in search of a blood meal and therefore 
serving as a buffer for intradomiciliary infestation. 
Unlike in the coastal provinces, no peridomicile character-
istics were strongly associated with T. cruzi seropositivity in 
the highlands region. The difference in risk factors between the 
regions is probably due to differences in the triatomine vectors. 
Although R. ecuadoriensis is found in both regions, this species 
is found in sylvatic and domestic habitats in the coastal region, 
whereas only synanthropic populations of this species have 
been reported in the Loja province (Abad-Franch et aI., 2001; 
Grijalva et aI., 2005). The other main vector of T. cruzi in the 
Loja province, Triatoma carrioni, is found only in the Andean 
region. In contrast to the coastal provinces, in which insects 
were found mainly in peridomicile areas, entomological search-
es in the Loja province found triatomines almost exclusively in 
the intradomicile, with peridomicile populations found only in 
association with occupied chicken nests. None of the afore-
mentioned peridomicilliary characteristics was associated with 
household infestation by the triatomine vectors in an entomo-
logical survey of the Loja province (Grijalva et al., 2005). Thus, 
it follows that materials in the peridomicile also would not be 
associated with T. cruzi infection in humans. 
In conclusion, we identified several household characteristics 
that were related to T. cruzi seropositivity. Materials used in 
the construction of houses were associated with seropositivity 
in both the coastal and highland regions, despite that the spe-
cific construction materials used differed by region. Peridomi-
cilliary risk factors varied by geographic region. These differ-
ences were probably due to differing behavior of the triatomine 
vector species in each region. Our findings illustrate that there 
is no one-size-fits-all control strategy for Chagas disease. An 
understanding of the way in which humans, vectors, and envi-
ronmental factors interact to promote the transmission of T. 
cruzi in a particular area is necessary for the development of 
an effective strategy for eliminating T. cruzi transmission in that 
area. The mainstays of Chagas disease control programs, such 
as housing improvement and systematic household spraying 
with residual insecticide, may not be sufficient to achiev~ in-
terruption of transmission in Ecuador. Interventions here should 
be supplemented with additional activities such as spraying of 
peridomicle areas and continued surveillance for recolonization 
of domestic environments by peridomestic and sylvatic species 
of triatomine vectors. 
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STRUCTURE OF THE PARASITE COMMUNITIES OF A CORAL REEF FISH ASSEMBLAGE 
(LABRIDAE): TESTING ECOLOGICAL AND PHYLOGENETIC HOST FACTORS 
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ABSTRACT: The role of ecological and phylogenetic processes is fundamental to understanding how parasite communities are 
structured. However, for coral reef fishes, such information is almost nonexistent. In this study, we analyzed the structure of the 
parasite communities based on composition, richness, abundance, and biovolume of ecto- and endoparasites of 14 wrasse species 
(Labridae) from Lizard Island, Great Barrier Reef, Australia. We determine whether the structure of the parasite communities 
from these fishes was related to ecological characteristics (body size, abundance, swimming ability, and diet) and/or the phylo-
genetic relatedness of the hosts. We examined 264 fishes from which almost 37,000 individual parasites and 98 parasite categories 
(types and species) were recorded. Gnathiid and cestode larvae were the most prevalent and abundant parasites in most fishes. 
Mean richness, abundance, and biovolume of ectoparasites per fish species were positively correlated with host body size only 
after controlling for the host phylogeny, whereas no such correlation was found for endoparasites with any host variable. Because 
most ectoparasites have direct transmission, one possible explanation for this pattern is that increased space (host body size) may 
increase the colonization and recruitment of ectoparasites. However, endoparasites generally have indirect transmission that can 
be affected by many other variables, such as number of prey infected and rate of parasite transmission. 
The compositions of parasite communities (the species that 
comprise these communities) are generally similar when hosts 
are closely related phylogenetic ally. This is considered to be a 
consequence of shared inheritance (Paterson and Gray, 1997). 
Co speciation events between host and parasites may produce 
congruent phylogenies, but events such as extinction of para-
sites and host switching may create incongruent phylogenies 
between the 2 groups of organisms (Paterson and Gray, 1997). 
Moreover, parasite communities usually differ in their numeri-
cal descriptors, i.e., richness or abundance, even if the hosts are 
closely related (e.g., Fontenot and Font, 1996; Lile, 1998) be-
cause host species diverge ecologically, for example in habitat, 
geographic distribution, diet, and body size. Ecological factors 
act as filters for parasites, and each factor can affect each par-
asite species differently, modifying their infracommunities and 
component communities (Holmes, 1987). Thus, the structure of 
parasite communities is the consequence of the phylogenetic 
and ecological processes that have affected each parasite and 
host species over evolutionary time (Hoberg and Adams, 2000). 
How parasite communities can be affected by ecological 
characteristics or phylogenetic relatedness of hosts depends on 
the nature of the parasites, i.e., if they are ecto- or endopara-
sites, which differ biologically. Ectoparasites usually have di-
rect life cycles, and their transmissions are often influenced by 
external factors (Rohde and Heap, 1998). In contrast, endopar-
asites generally have indirect life cycles (Roberts and Janovy, 
2000), and transmission is not directly influenced by environ-
mental factors. For example, tempera~u,re can strongly affect 
ectoparasite communities, but has less effect on endoparasites 
(Rohde and Heap, 1998). Endoparasites can be transmitted ac-
tively (larval recruitment) or passively (via ingestion) thus pro-
ducing variable transmission dynamics. Consequently, the pat-
terns of coevolution between hosts and parasites may differ for 
ecto- and endoparasites. Therefore, the relationship between 
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parasite richness and abundance and host characteristics has 
been different for ecto- and endoparasite communities (e.g., 
Rohde and Heap, 1998). 
The main objective of this study is to evaluate the influence 
of host characteristics such as body size, diet, abundance, swim-
ming behavior, and host phylogeny on the structure of ecto- and 
endoparasite communities of a fish assemblage (Labridae). This 
family of host was selected because many of the species live 
sympatrically and they vary greatly in body size (Randall et aI., 
1997), diet (Sano et aI., 1984), abundance (Green, 1996; Fulton 
et aI., 2001), and swimming behavior (Bellwood and Wain-
wright, 2001; Fulton et aI., 2001; Fulton and Bellwood, 2002a, 
2002b). These host characteristics have the potential to affect 
parasite communities in different ways. For example, large-bod-
ied fish may have more resources and varied niches for para-
sites than small ones and so may support more parasite species 
and a higher parasite abundance and biovolume (e.g., Poulin, 
1998a; Sasal et aI., 1999). Diet can affect the composition of 
endoparasite communities because most endoparasites are 
transmitted through infected prey (see Price and Clancy, 1983; 
Morand et aI., 2000). Wrasses that move along the water col-
umn may have fewer ectoparasites than those that are close to 
the substratum, because parasite larvae may have restricted mo-
bility or distribution; no study has evaluated the effect of swim-
ming behavior on the structure of parasite communities. A high 
density of hosts may increase the transmission rate of parasites 
(Morand et aI., 2000), so that abundant wrasses may have more 
parasites than rare wrasses. 
MATERIALS AND METHODS 
Host and parasite collections 
Two hundred and ninety-five fishes were collected between August 
2002 and May 2004 off Lizard Island, Great Barrier Reef, Australia 
(l4°40'S, 145°28'E). Fish were caught using a spear gun while snor-
keling or a net while diving. They were then individually placed into a 
plastic bag to minimize loss of ectoparasites during handling (Grutter, 
1995). Thirty fish species were collected, representing 37% of the 81 
wrasse species recorded in the area (Russell, 1983). However, several 
species were not abundant, so that the collecting effort was concentrated 
on 14 species (17.3% of the total wrasse species at Lizard Island). In 
total, 264 individuals and sample sizes of 14-32 were recovered for 
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these species. Five fish species belonged to the Cheilininae and 9 to the 
Corinae (Table I). 
Each fish was dissected to collect all metazoan parasites except meta-
cercariae. This was because metacercariae are small and can be found 
in almost any tissue and require an impracticable amount of search time. 
Moreover, because metacercariae are immature, taxonomic identifica-
tion is difficult. Ectoparasites were sought from the body surface, eyes, 
and gills, and endoparasites were sought from the gut, heart, spleen, 
liver, brain, gall bladder, body cavity, gonads, muscles, and flesh. All 
parasites were preserved in 5% buffered formalin for later identification. 
Trematodes, acanthocephalans, and cestodes were stained in Mayer's 
hematoxylin and mounted in Canada balsam, whereas copepods, iso-
pods, and nematodes were cleared with chlorolactophenol. All these 
specimens were examined by light microscopy. Larval stages of tetra-
phyllidean cestodes were identified only as morphotypes according to 
Chambers et al. (2000) and Munoz and Cribb (2006). Gnathiids were 
also classified into 5 types according to pigmentation patterns (unpub-
lished descriptions, type I: small spots on thorax, abdomen, and in front 
or posterior parts of the head; type 2: small and large spots on the head 
and anterior portion of the thorax; type 3: large spots on the whole 
body; type 4; no pigmentation; type 5: tiny spots on the whole body). 
Monogeneans were identified following Hayward (1996) and Whitting-
ton et al. (2001); corallanid isopods were identified consulting Bruce 
(1982). Additional literature for the identification of the parasites is 
summarized in Munoz and Cribb (2005, 2006) and Munoz, Gutter, and 
Cribb (2006). 
The infracommunity abundance and richness of parasites was con-
sidered for each fish individual (Bush et aI., 1997). For each host species 
sample, the average of each descriptor (richness and abundance) was 
calculated (Bush et aI., 1997). The component community richness was 
considered as all the parasite species from the sample of each fish spe-
cies even though the collections of fishes were performed at different 
times (see concepts in Bush et aI., 1997). The biovolume of parasites 
was also considered according to the suggestion given by George-Nas-
cimento et al. (2002) that biovolume may be more informative than 
number of parasites because parasite body sizes differ greatly between 
species. Therefore, length and width of each parasite species, for each 
host species, was measured to estimate body size using a geometric 
formula according to parasite body shape (see Munoz and Cribb, 2005). 
The biovolume of parasites was calculated by multiplying the mean 
abundance of each parasite species by its mean parasite body volume 
and this was expressed as mm3 of parasites (George-Nascimento et aI., 
2002; Poulin et al., 2003). 
A prediction of the parasite richness was calculated using the statis-
tical program EstimateS (Colwell, 2004) based on the data for infra-
communities of ecto- and endoparasites separately and together for each 
host species. 
Host characteristics 
Four host characteristics (variables) were considered to test their in-
fluence on parasite communities: body weight, diet, swimming ability, 
and abundance of hosts. Body weight and diet of hosts were recorded 
directly from the fish samples used in this study. The dietary items were 
collected from "the entire gut and then identified to family when possi-
ble, following Wilson (1993) and Abbott and Dance (1998) for gastro-
pods, Lamprell and Whitehead (1992) and Lamprell and Healy (1998) 
for bivalves, and Jones and Morgan (2gQ2) for crustaceans. The fre-
quency of occurrence for each prey category was expressed as a per-
centage of the total number of fish that had food items in the gut. The 
total number of food items (identified as family, genus, or species) 
found in each host species was used in the correlation analyses. 
The relative abundances of labrid species were obtained from the 
study of Fulton et al. (2001) as the percentage of all fish individuals of 
all species counted in the survey. Swimming ability was defined as the 
capacity of fishes to move along the column water. Thus, swimming 
ability was considered as the average distance that a fish is known to 
rise from the substratum (Fulton et aI., 2001; Fulton and Bellwood, 
2002a). 
Pearson correlations were used to correlate the parasitological de-
scriptors, e.g., component community richness, average of infracom-
munity richness, abundance and biovolume of parasites per fish species, 
and host characteristics, e.g., body weight, relative abundance, swim-
ming ability, and diet. These variables, parasitological descriptors and 
host characteristics, were previously transformed to 10glO' The potential 
effect of host phylogeny was controlled for, in correlation analyses be-
tween variables, to remove the effect of the host relatedness. The phy-
logeny of the 14 fish species was constructed from the literature (West-
neat, 1993; Bernardi et aI., 2004; Westneat and Alfaro, 2005). Contrasts, 
which are the data controlled for host phylogeny, were computed for 
each parasite descriptor and host characteristic using the CAlC 2.0 soft-
ware (Purvis and Rambaut, 1994). The contrasts of the component com-
munity richness, mean infracommunity richness, abundance, and bio-
volume were related to host characteristics using correlation following 
Garland et al. (1992). Bonferroni's P-value adjustments were applied 
(Aickin and Gensler, 1996) considering 4 parasitological descriptors 
performing 4 tests per descriptor (P/number of tests run), so that the 
significant level was 0.05/4 = P < 0.0125. 
To determine if the 4 host variables (body weight, abundance, swim-
ming ability, and diet) were correlated with one another, Pearson cor-
relations were used for data with or without host phylogenetic correc-
tion. 
.Host relatedness based on ecto- and endoparasite composition 
The relatedness of hosts based on their parasite composition was 
calculated using the methodology in Cribb et al. (2002). The data matrix 
consisted of the presence or absence of each parasite species for each 
host species. Because some parasite species were infrequent in the typ-
ical parasite communities of a fish species, we included only species 
with prevalences > 10%. This, therefore, omitted potential "accidental 
parasites" (parasite species that are common in other host species, Rob-
erts and Janovy, 2000). We analyzed the data using the heuristic search 
parsimony algorithm in PAUP* (Swofford, 1998). The usefulness of the 
relatedness of hosts based on parasites is that the distributions of hosts 
(tree arrangement) can be associated with host phylogeny (if the relat-
edness is similar to the host phylogeny) or with some ecological host 
characteristics (if some branches of fish exhibit some particular ecolog-
ical characteristic). Thus, we can infer if the host phylogeny or ecolog-
ical variables are associated with the parasite species composition. 
RESULTS 
Ectoparasite communities 
A total of 4,883 ectoparasite individuals were collected from 
the 264 fish examined. Parasites were mainly found on the body 
surface, fins, and gills. Twenty-seven parasite species including 
5 isopod morphotypes (Gnathiidae) were identified (Appendix 
1). The component community richness of ectoparasites varied 
from 1 to 17 species. Isopoda, mostly gnathiids, were the most 
frequent ectoparasites for all fishes (Table I), although Copep-
oda had a high number of species. Cheilinine fishes harbored 
more copepod species than did corine fishes (Table I). Average 
richness, abundance, and biovolume of ectoparasite infracom-
munities varied greatly between fish species (Figs. lA, B, C). 
These descriptors were higher for cheilinine fishes and Hemi-
gymnus melapterus than for the other fish species (Fig. 1). 
Endoparasite communities 
We collected 32,405 individual parasites in the total sample. 
Most endoparasites were collected from the gut and body cav-
ity, and a few individuals were from the gall bladder, gonads, 
and muscles. Seventy-one endoparasite species, including 25 
tetraphyllidean morphotypes, were identified (Fig. 2, Appendix 
1). The total abundance of endoparasites was more than 6 times 
higher than that of ectoparasites and the total richness was more 
than twice that of ectoparasites (see in Munoz, Muoillot, and 
Poulin, 2006). Cestodes were the most common endoparasites 
in all wrasses (Table I, Appendix 1). The component commu-
nity richness of endoparasites varied from 9 to 27 species (Table 
TABLE I. Summary of parasite composition in 14 wrasse species. Number of parasite species per major taxonomic group, species richness (ectoparasites, endoparasites, and all parasites) 
and estimated richness of the all parasite species per fish species. 
Trematoda Trematoda Richness of Richness Estimated Estimated 
Copepo- Mono- (ectopara- (endopara- Cestoda Acantho- Richness of endo- of all richness, richness, 
Fish species Isopoda da Turbellaria genea site) site) (larvae) Nematoda cepha1a ectoparasties parasites parasites Bootstrap lacknife 1 
Chei1ininae 
Cheilinus Jasciatus 5 10 5 4 17 11 28 33 38 
(Bloch, 1791) 
Cheilinus trilobatus La- 5 Iii 2 9 3 11 14 25 26 27 
cepede, 1801 
Cheilinus chlorourus 3 5 3 11 4 9 18 27 30 35 
(Bloch, 1791) 
Epibulus insidiator Pal- 5 5 5 4 10 9 19 13 13 
las, 1770 
Oxycheilinus diagram- 4 5 9 4 11 14 25 27 28 
ma (Lacepede, 1801) 
Corinae 
Hemigymnus melapterus 3 2 2 20 4 7 26 33 38 45 
(Bloch, 1791) 
Gomphosus varius La- 2 4 15 3 4 22 26 30 34 
cepede, 180 I 
Thalassoma lunare 2 6 15 5 3 27 30 38 44 
(Linnaeus, 1758) 
Thalassoma jansenii 8 12 4 3 25 28 33 38 
(Bleeker, 1856) 
Thalassoma hardwicke 2 7 10 4 5 21 26 31 36 
(Bennett, 1830) 
Coris batuensis (Bleek- 3 2 4 10 2 6 16 22 25 26 
er, 1856) 
Stethojulis bandanensis 3 11 2 16 18 20 24 
(Bleeker, 1851) 
Stethojulis strijgiventer 3 11 16 17 19 23 
(Bennett, 1932) 
Halichoeres melanurus 2 6 2 10 11 12 14 
(Bleeker, 1851) 
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I). Tetraphyllidean types 1, 4, 6, 8, and 10 were abundant and 
frequent parasites in most wrasse species. Cheilininae and Cor-
inae differed in some digeneans, nematodes, and cestodes. Hel-
icometra Jasciata was in several host species, whereas other 
digeneans were more specific; for example, the 2 species of 
Diplobulbus and Deretrema nahaense were only in species of 
Thalassoma and Gomphosus varius; Proctoeces sp. were only 
in species of Cheilinus; whereas Lecithaster species were only 
in corine species (Appendix 1). The most abundant nematode, 
Hysterothylacium spp. 1, was found only in Cheilininae. Heli-
conema sp. and Pseudoterranova sp. were frequent in several 
corine fishes (Appendix 1). 
The averages of parasitological descriptors varied greatly be-
tween fish species (Figs. lA, B, C). Epibulus insidiator, Hali-
choeres melanurus, and Cheilinus Jasciatus harbored the lowest 
richness and abundance of endoparasites, whereas Oxycheilinus 
diagramma showed the highest average abundance (Fig. lB). 
The average biovolumes of endoparasites showed that the cor-
ine fishes, except for H. melapterus, had low and similar loads, 
whereas the cheilinine fishes except for E. insidiator had high 
biovolumes of endoparasites (Fig. lC). 
The estimated richness tended to exceed the observed rich-
ness significantly (Table I), especially in fishes with several in-
frequent species, e.g., H. melapterus and Thalassoma spp. Prob-
ably, different methods can be used for different data charac-
teristics (see Poulin, 1998b; Walter and Morand, 1998). How-
ever, estimated richness using bootstrap and Jacknife 1 were 
significantly correlated with the observed richness for ecto- and 
endo-, and all parasites (r > 0.73; P < 0.0001 in all cases). 
Thus, in the following analyses we used the observed data, 
although either estimated or observed richness could have been 
used in this analysis. 
Relationship of host descriptors to parasite communities 
Fish body weight varied greatly among species mainly in that 
cheilinine fishes were far larger than most of the corine fishes 
(Table II); only H. melapterus had a body weight comparable 
to that of the cheilinines. Cheilinus Jasciatus was the largest 
fish. Halichoeres melanurus was the smallest fish and was sim-
ilar in size only to Stethojulis spp. (Table II). The component 
community richness of ectoparasites (n = 14, r = 0.24; P = 
0.817) and endoparasites (n = 14, r = 0.07; P = 0.877) were 
not correlated with host sample size. Thus, corrections for host 
sample size were not necessary. 
The average fish swimming ability,measured as mean swim-
ming distance from the substratum ranged between 10 and 70 
cm from the substratum (information from Fulton et aI., 2001). 
Relative abundance of fishes ranged from 0.2 to 19% in relation 
to 43 labrid species examined by Fulton et al. (2001) (Table II). 
The fish species examined had a varied carnivorous diet which 
frequently included crustaceans such as copepods, amphipods, 
tanaidaceans, ostracods, crabs, and shrimps; molluscs were 
present in all fish species. The number of food items varied 
greatly between fishes; O. diagramma was the least diverse with 
only 3 items and Cheilinus trilobatus was the most diverse with 
37 (Table II). The 4 fish variables considered here (body weight, 
abundance, swimming ability, and diet) were correlated with 
one another (except for swimming ability [vs.] host body 
weight, P = 0.21). However, after controlling for host phylog-
eny, none of them was correlated (for all cases P > 0.14). 
The average values of infracommunity richness, abundance, 
and biovolume of ectoparasites increased with body weight of 
host species (Table III). In contrast, a negative correlation was 
found between component community richness and biovolume 
of ectoparasites and relative abundance of hosts. For endopar-
asites, only biovolume was significantly correlated with host 
body weight. Only the component community richness was sig-
nificantly correlated with diet and swimming ability of hosts 
(Table III). After controlling for host phylogeny, host body 
weight was correlated with all of the parasitological descriptors 
(average of richness, abundance, and biovolume) for ectopara-
sites only (Table III). 
Host relatedness based on parasite composition 
Twenty-three equal-length trees were obtained for host relat-
edness based on 24 ectoparasite species. The consensus tree is 
shown in Figure 3A. Cheilinine fishes tended to be closer than 
corine fishes, but most relationships were not resolved. There 
was also generally poor resolution for endoparasites. Six equal-
length trees were obtained for the host relatedness based on 40 
endoparasite species (Fig. 3B). Resolution was slightly better 
than for the ectoparasites. One branch contained all the cheili-
nines, plus 2 corines, H. melapterus and Thalassoma jansenii. 
Only Cheilinus chlorourus and C. trilobatus and Thalassoma 
lunare and T. jansenii formed strong groupings because these 
pairs of species were consistently close in all the 6 trees ob-
tained (Fig. 3B). 
DISCUSSION 
Ecological characteristics and phylogeny of wrasses had little 
detectable influence on the parasite community structure. The 
relatedness of fishes based on parasite species had little reso-
lution, indicating that there is no strong pattern to the distri-
bution of parasite species in the labrid assemblage studied here. 
Generally, the relatedness of fishes based on their parasite spe-
cies has been explored for adult parasites (e.g., Morand et aI., 
2000; Cribb et aI., 2002), which tend to have a higher specific-
ity than larval parasites (George-Nascimento, 1987). However, 
wrasses harbored sush a high proportion of larval parasites that 
comparisons between larval and adult parasites were not pos-
sible because the number of species and the frequency of adult 
parasites were small. Also, the parasites that have multiple hosts 
were generally distributed inconsistently. The lack of distribu-
tion patterns of endoparasites makes it impossible to associate 
parasite composition with host phylogeny and most ecological 
characteristics of hosts. The association between parasite and 
host species may be explained by stochastic events that allow 
the association between some species, but not between others. 
There are few studies of the parasite component communities 
of coral reef fisjI and none about complete parasite communi-
ties. Morand et aI. (2000) found that abundance and richness 
of endoparasites of butterfly fishes (Chetodontidae) were asso-
ciated with diet and host density, and that host phylogeny was 
important for the analysis between variables. Grutter and Poulin 
(1998) found that the abundance of isopods from different coral 
reef fish species increases significantly with the host body size 
after controlling for the host phylogeny. In general, ecological 
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FIGURE 1. Box plots of average (black circle), standard error (square), and standard deviation (lines) of (A) species richness, (B) abundance, 
and (C) biovolume of the infracommunities of ectoparasites and endoparasites per fish species. Fish ordered by subfamily and then by descending 
mean body weight from left to right (see Tit6le II). Abbreviations of fish names are shown in Table I. 
variables influence parasite community structure, although they 
usually are associated with the host phylogeny. For example, 
Corinae and Cheilininae are subfamilies within Labridae which 
are largely diverged ecologically in body size, abundance, diet, 
and swimming behavior (Table II). Hemigymnus melapterus 
was the only corine fish that had a body size similar to that of 
the Cheilininae. Consequently, there was some influence from 
host phylogeny in the analyses of numerical descriptors of par-
asites because there were positive correlations between parasi-
tological descriptors and host characteristics for the original 
data, but some of them vanished after controlling for the host 
phylogeny (Table III). After this analysis, the host body weight 
was positively correlated with species richness, abundance, and 
biovolume of ectoparasite communities, but not for endopara-
sites. This indicates that host body size was genuinely important 
for ectoparasites and that it was not an artifact of the host phy-
logeny. Direct recruitment of ectoparasites to the hosts may 
depend mainly on the area available in the host body to be 
occupied (Price, 1990). This may explain the positive relation-
ship between richness, abundance, and biovolume of ectopar-
asites and host body weight because larger hosts offer a larger 
area to be colonized by parasites. 
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Type 12 Type 14 
Type 15 Type 17 
Type 23 
Type 22 
Type 18 
Type 13 
FIGURE 2. Sixteen new morphotypes of tetraphyllideans found in wrasses from Lizard Island. Tetraphyllideans types 1, 4, 6, 8, and 10 were 
shown in Chambers et aI. (2000), and tetraphyllideans types 16, 19, 20, and 21 were shown in Munoz and Cribb (2006) as types H, F, E, and G, 
respectively. Scale bars = 0.1 mm unless otherwise stated. 
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Type 24 Type 25 Type 26 
Type 29 
Type 28 
Type 31 
Type 27 
Type 30 
FIGURE 2. Continued. 
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TABLE II. Five host characteristics: average of fish weight (SD, standard deviation), swimming ability, relative abundance, and number of diet 
items (number of taxa) of 14 wrasse species from Lizard Island. 
Swimming 
Fish species Fish weight X (SD) ability (cm)* Relative abundancet 
Cheilininae 
Cheilinus fasciatus 306.3 (217.7) lOt 0.2 
Cheilinus trilobatus 198.0 (149.3) 10 0.7 
Cheilinus chlorourus 148.7 (73.9) 11.5§ 0.9 
Epibulus insidiator 211.3 (147.3) lOt 0.6 
Oxycheilinus diagramma 116.4 (61.9) 12.4§ 1.9 
Corinae 
Hemigymnus melapterus 260.1 (253.9) 18 1.9 
Gomphosus varius 56.7 (36.6) 20t 3.7 
Thalassoma lunare 48.0 (30.6) 40§ 5.9 
Thalassoma jansenii 42.4 (19.8) 40 17.7 
Thalassoma hardwicke 39.4 (22.2) 70 18.5 
Coris batuensis 18.9 (11.6) 15t 5.2 
Stethojulis bandanensis 16.2 (5.2) 15 4.8 
Stethojulis strigiventer 11.3 (4.2) 12t 0.6 
Halichoeres melanurus 9.1 (3.3) 18 11.8 
* Data for swimming ability are from Fulton et aI. (2001) and Fulton and Bellwood (2002a). 
t Data for relative abundance are from Fulton et al. (2001). 
:j: Information not available for these species; however. the data were taken from species that are closely related phylogenetically. 
§ Information provided by personal communication with Chris Fulton. 
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37 
27 
9 
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36 
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21 
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18 
25 
14 
14 
25 
FIGURE 3. Host relatedness based on the presence or absence of parasite species in each fish species. (A) ectoparasites, and (D) endoparasites . 
• 
MUNOZ ET AL.-COMMUNITIES OF PARASITES IN WRASSES 25 
TABLE III. Pearson correlations for all descriptors, considering 14 fish species with 4 host descriptors and parasite body volume for data without 
host phylogenetic correction (only logarithmic transformation, see text) and for contrasts (data controlled for host phylogeny). 
Data without correction (n = 14) Contrasts (n = 13) 
Ectoparasites Endoparasites Ectoparasites Endoparasites 
Total community richness 
Host body weight 0.89* 
Relative abundance -0.70* 
Swimming ability -0.52 
Diet (total food items) 
Infracommunity richness 
Host body weight 0.93* 
Relative abundance -0.65 
Swimming ability -0.54 
Diet (total food items) 
Abundance 
Host body weight 0.94* 
Relative abundance -0.64 
Swimming ability -0.49 
Diet (total food items) 
Biovolume 
Host body weight 0.85* 
Relative abundance -0.69* 
Swimming ability -0.57 
Diet (total food items) 
* Significance level, P :S 0.0125. 
The processes that structure communities of parasites are 
long-term associations, e.g., they may be reflected in host spec-
ificity, in which mutual physiological responses of host and 
parasites as well as colonizations and extinctions of parasites 
in host species have taken place (Poulin, 1998a). For example, 
gill copepods, Hatschekia sp. and Lernanthropus sp., were spe-
cific to their hosts and only present on large hosts (Appendix 
1). Probably smaller fish species do not harbor gill copepods 
because they do not have the appropriate microhabitat for these 
parasites, e.g., space, flux of water, and aeration. Gill parasites 
can produce such deleterious effects on small fishes, depressing 
the ventilation efficiency, that such infections do not generaily 
occur (e.g., Bennett and Bennett, 2001; Ojha and Hughes, 
2001). Whereas all parasite species may be able to reach large 
slow hosts, perhaps only the most vagile parasites reach small 
hosts (Poulin, 1998a). This possibility is supported by this study 
in which mostly gnathiid isopods, which are highly mobile, 
were found on small wrasses. # , 
In contrast, the indirect transmission of endoparasites de-
pends not only on consideration of available space, but on fac-
tors others than body size, such as the identity and abundance 
of prey and predators (Pulkkinen et aI., 1999) or the immune 
response of the host against parasites (Wakelin, 1984; Larsen 
et al., 2002). In addition, the transmission of endoparasites from 
one host to the next is likely to be affected by stochastic factors 
(Holmes, 1987). Thus, host body size is only one of many im-
portant components of the process of colonization and recruit-
ment of endoparasites and presumably, therefore, less important 
than it is for ectoparasites. 
Rohde (2005) postulated that parasite communities are typi-
cally nonequilibrium systems. Parasite communities of fishes 
0.01 0.69* 0.42 
0.44 -0.45 0.04 
0.66* -0.10 0.23 
0.23 0.27 
0.06 0.92* 0.18 
0.20 -0.27 0.07 
0.20 -0.10 0.08 
-0.08 -0.15 
0.36 0.93* 0.34 
-0.13 -0.32 -0.13 
0.03 -0.05 0.01 
-0.39 -0.20 
0.73* 0.70* 0.48 
-0.57 -0.35 -0.29 
-0.36 -0.21 -0.06 
0.04 0.03 
generally have low species richness, prevalence, and abun-
dance; they usually are not saturated with species; interspecific 
competition is low or inexistent; and empty niches are common 
(Rohde, 1979, 2005). Most of the results gathered in this study 
indicate that ecto- and endoparasite communities of wrasses are 
nonequilibrium systems. For example, there was a positive cor-
relation between richness, abundance, and biovolume of para-
sites (see some results in Munoz, Muoillot and Poulin, 2006, 
in which the same data set was used). Also, the random as-
sortment model for niche partitioning was the most common 
for wrasses (Munoz, Muoillot, and Poulin, 2006), which sug-
gests that interspecific competition is not important in structur-
ing the parasite communities of these fishes. However, wrasses 
have a high richness, abundance, biovolume, and prevalence of 
parasites that make it likely that the parasite community is in-
teractive even if not competitive. To understand better the as-
sociation between richness, abundance, nonequilibrium, and 
isolationist or interactive communities, the parasite body size 
may give some insights about the parasite community structure 
in different kinds of hosts. For example, wrasses have parasites 
with small body sizes (see Munoz, Muoillot, and Poulin, 2006) 
that may allow high abundance and richness, but at the same 
time they do not use all the niches available in their hosts. 
Consequently, parasite species in a community do not compete 
by resources and they are not saturated with species. 
Another point to consider is the potential importance of tro-
phic interactions between wrasses and their predators. The main 
groups of endoparasites were metacestode and nematode larvae. 
These parasite groups suggest that wrasses may be food for 
elasmobranchs and teleosts because they usually are definitive 
hosts for cestodes and nematodes, respectively (see Anderson, 
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1992; Khalil et aI., 1994). It is known that the abundance of 
predators can affect the abundance of hosts and probably the 
parasite transmission from one host to another (Loot et aI., 
2005). In the case of wrasses, their predators may have an im-
portant role in structuring parasite communities because the 
abundance and diversity of predators may be associated with 
predation intensity and affect parasite recruitment. 
Three wrasse species, H. melanurus, E. insidiator, and C. 
Jasciatus, harbored few parasites in general and notably few 
cestode larvae. Halichoeres melanurus was the smallest fish 
species collected, so the low level of parasitism may relate to 
its small body size. However, E. insidiator and C. Jasciatus had 
the largest body sizes of all the fish examined, so that this 
variable does not explain their depauperate faunas. Cheilinus 
Jasciatus and E. insidiator had diets composed of crustaceans 
(Munoz, Grutter, and Cribb, 2006), which generally are inter-
mediate hosts for many parasites. However, these 2 species had 
low richnesses and abundances of cestodes that are unusual for 
wrasses (see Appendix 1). These observations indicate that per-
haps neither fish is eaten regularly by elasmobranchs, and that 
E. insidiator may have no regular predators at all. Both species 
have low relative abundances at Lizard Island (Green, 1996; 
Fulton et aI., 2001) and low habitat distribution because they 
usually inhabit the reef slope and base (D. Bellwood, pers. 
comm.), which may enable them to escape from predators. 
Thus, we suspect that these species are exposed to infection 
with cestode larvae, but that a low rate of predation by elas-
mobranches (e.g., Simpfendorfer et aI., 2001) has meant that 
there has been no selection for parasite establishment in these 
fish species. Another explanation may be that these species 
have a stronger immune response against parasites than other 
wrasse species. 
This study has demonstrated the exceptional complexity of 
parasite communities of wrasses on the Great Barrier Reef. The 
differences in parasite composition and their distribution in the 
fishes are apparently mainly responses to ecological differences 
rather than to the phylogeny of the hosts. The rich communities 
of parasites in wrasses may also reflect the high diversity of 
species in the ecosystem. A diverse ecosystem may exert evo-
lutionary pressure on the parasites to use a wide range ~f host 
species because this increases the chances of reaching the de-
finitive hosts. This inference may explain why most wrasses 
have high parasite richness, prevalence, and abundance and that 
phylogeny and host ecology do not seem to affect the endo-
parasite communities. Taken together, we conclude that in a 
highly complex and diverse system the nature of transmission 
and recruitment of parasites may "l.ffect parasite communities 
more strongly than in less rich systems. 
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ApPENDIX I. Prevalence (%) of all types and species of parasites in 14 wrasse species. Abbreviations of fish names as in Table 1. Maturity stages (MS): A, adults; J, juveniles; L, larvae. [\) OJ 
--i 
MS Cfa Ctr Cch Ein Odi Hmp Gva Tlu Tja Tha Cba Sba Sst Hmn I m 
'--
Ectoparasites 0 c 
Isopoda :0 Z 
Gnathia type 1 L 100 94.7 100 94.7 71.4 95.0 43.7 60.0 33.3 50.0 31.3 21.4 45.0 
}> 
,-
Gnathia type 2 L 5.6 31.6 13.0 73.7 42.9 45.0 25.0 12.5 0 "Tl 
Gnathia type 3 L 10.5 5.3 14.3 15.6 -0 }> 
Gnathia type 4 L 27.8 4.3 5.3 7.1 95.0 :0 }> 
Gnathia type 5 L 1.5 10.0 6.3 11.1 
(f) 
=i 
Argathona macronema J 5.6 15.8 0 ,-
Argathona c.f. stebbings J 11.1 5.3 0 G) 
,-< 
Copepoda < 
A 0 Caligus sp. I 5.6 97.7 ,-
Caligus sp. 2 A 16.7 57.9 43.5 <0 Y' 
Caligus sp. 3 A 83.3 15.8 z 0 
Caligus sp. 4 A 5.6 15.8 5.3 ,~ 
Caligus sp. 5 A 5.6 5.0 "Tl 
m 
Caligus sp. 7 A 14.3 (IJ 
:0 
Lepeophtheirus lewisi A 11.1 4.3 c }> 
Lepeophtheirus sp. A 5.6 7.1 :0 
-< 
Caligidae larva L 5.6 5.3 5.3 7.1 7.1 [\) 0 
Lernanthropus sp. A 27.8 73.7 17.4 52.6 57.1 0 --J 
Hatschekia hemigymni A 95.0 
Hatschekia sp. 1 A 5.0 84.2 3.4 15.7 42.9 
Orbitacolax williamsi A 11.1 84.2 95.7 89.4 78.6 25.0 31.2 20.0 6.3 6.3 
Chondracantbidae gen. sp. J 3.1 
Turbellaria 
lchthyophaga sp. 1 A 55.0 
lchthyophaga sp. 2 A 33.3 
Paravortex sp. A 9.0 14.3 20.0 
Turbellaria indetermined J 6.3 
Monogenea 
Benedenia c.f 1010 A 27.8 35.7 
Polylabris sp. A 9.4 
Trematoda 
Transversotrema licinum A 6.7 12.5 
Transversotrema hassi A 6.3 
Endoparasites 
Cestoda 
Tetraphyllidea type 1 L 63.2 78.3 100 70.0 68.7 80.0 80.0 56.3 31.3 57.1 44.4 10.0 
Tetraphyllidea type 4 L 77.8 100 85.7 21.0 100 100 93.7 100 100 100 75.0 35.7 66.7 15.0 
Tetraphyllidea type 6 L 5.6 73.7 87.0 15.8 92.9 95.0 56.3 75.0 53.3 56.3 28.1 28.6 33.3 25.0 
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ApPENDIX I. Continued. 
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Bivesicula sp. 2 J 12.5 r 
Callohelmis pichelinae A 70.0 71.4 CD .w 
Megacreadium sp. A 5.6 z 0 
Schickhobalotrema sp. A 7.1 .~ 
Deretrema nahaense A 12.5 25.0 26.7 31.3 -n 
Diphtherostomum sp. A 6.3 20.0 6.3 m OJ 
:JJ 
Nematoda c ~ 
:JJ 
Pseudoterranova sp. L 5.3 5.0 10.0 6.7 12.5 -< I\) 
Hysterothylacium spp. 1 a a 
(probably these are 2 spp) L 77.8 89.5 34.8 26.3 21.4 5.0 --.J 
Hysterothylacium sp. 2 L 10.0 5.0 25.0 10.0 
Hysterothylacium sp. 3 L 5.0 
Anisakidae gen sp. L 4.3 
Cucullanus sp. A 5.3 7.1 6.7 
Spirurida gen. sp. A 15.8 13.0 6.3 15.0 26.7 
Spirocamallanus spp. A 1.5 21.7 12.5 25.0 18.7 25.0 5.6 5.0 
Procamallanus sp. A 7.1 
Camallanus sp. J 5.3 
Heliconema sp. L 7.1 56.3 5.0 53.3 37.5 3.1 
Philometra sp. A 28.6 
Acanthocephala 
Transvena annulospinosa A 5.6 15.0 6.7 21.4 16.7 
Hypoechinorhynchus sp. A 5.0 
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IN MEMORIAM 
TAMARA VLADIMIROVNA BEYER 
1932-2006 
Professor Dr. Tamara V, Beyer, an internationally recognized au-
thority on the biology of coccidia, died at the St. Petersburg Hospital, 
Russian Academy of Sciences on October 24, 2006 from metastatic 
breast cancer. She was born in Leningrad on June 10, 1932, the daughter 
of Neonila F. and Major General Vladimir Alexandrovich Beyer. 
She was devoted to her father, who was a medical officer during 
World War II and later Chief Physician of the Leningrad District Mil-
itary Hospital. During the siege of Leningrad her father evacuated the 
family to the Uzbek town of Samarkand, returning to Leningrad after 
the blockade was lifted in 1944. Following her father's death in 1979 
Tamara wrote his biography in the book she titled "A Thousand Hearts 
Remember". 
Tamara attended St. Petersburg University. Professor E.M. Kheisin, 
one of the great Russian protozoologists, was first her mentor and then 
her colleague. When he died in 1968 Tamara continued her work in the 
laboratory of Professor Yu. I. Polyanski. 
In 1969 she and other members of the laboratory organized the Third 
International Congress of Protozoology in Leningrad. In 1974 and again 
in 1978 she left Leningrad to work at the Serum Institute in Copenhagen 
in collaboration with Academician Christian Siim and Professor Wil-
liam Hutchison on Toxoplasma. In 1982 she worked with Professor 
Erich Scholtyseck and Dr. Rolf Entzeroth at Bonn University on elec-
tron microscopy of adeleid coccidia. She published about 100 research 
papers on various aspects of coccidian biology as well as a book and 
A' 
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several book chapters. Her most recent publications addressed crypto-
sporidiosis in children and AIDS patients. Tamara became the Leading 
Scientist at the Institute of Cytology, Russian Academy of Sciences in 
St. Petersburg, President of the Society of Protozoologists, and Secre-
tary General of the Russian Society of Protozoologists. 
Her first postdoctoral student (in 1969) Harnida Gaibova, now of the 
Azerbaijan National Academy of Sciences in Baku, recalled that Tamara 
taught her to ski and that Tamara was always fit and never allowed 
illness to affect her. In fact, last year at age 74 she was active in gym-
nastics and swimming and when I had a meeting with her in Moscow 
she repeatedly had to stop walking so I could catch up with her. Tamara 
was fond of classical music, especially Mozart. An excellent pianist, 
she played every evening at home. Her foremost hobby however was 
the study of foreign languages, especially English and German. In these 
languages she maintained numerous pen pals worldwide. It was always 
a treat to receive a letter from her, the envelope decorated with many 
colorful Russian stamps, the text handwritten with her beautiful callig-
raphy and bursting with the energy, curiosity, and thoughtfulness that 
were Tamara. 
She is survived by her older sister Nina V. Uspenskaya and her neph-
ew Dr. Vladimir L. Uspensky. 
Ronald Fayer, United States Department of Agriculture, Agricultural 
Research Service, Beltsville, Maryland 20705 
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NEW GENUS AND SPECIES OF EUDACTYLINID (SIPHONOSTOMATOIDA: COPEPODA) 
FROM GILL LAMELLAE OF ORNATE EAGLE RAYS, AETOMYLAEUS VESPERTILIO 
(MYLIOBATIDAE), COLLECTED IN THE BEAGLE GULF OFF NORTHERN AUSTRALIA 
George W. Benz, Brian E. Smith', Stephen A. Bullardt, and Jeffrey S. Braswell:j: 
Biology Department. P.O. Box 60, Middle Tennessee State University, Murfreesboro, Tennessee 37132. e-mail: gbenz@mtsu.edu 
ABSTRACT: Janinecaira darkthread n. gen., n. sp. (Eudactylinidae, Siphonostomatoida, Copepoda) infects gills of the ornate 
eagle ray Aetomylaeus vespertilio (Bleeker, 1852) (Myliobatidae, Myliobatiformes) in the Beagle Gulf (Timor Sea, eastern Indian 
Ocean) off northern Australia. The adult female of Janinecaira darkthread n. sp. is most easily distinguished from other eudac-
tylinids (Eudactylinidae) by its long genital complex that comprises about 86-90% of the total body length. A diagnostic key to 
genera of Eudactylinidae based on adult females is provided. 
Eudactylinidae Wilson, 1922 (Siphonostomatoida) contains 
46 species allocated to 10 genera (Boxshall, 2004). Seven of 
these genera are monotypic (Boxshall, 2004). Eudactylinids 
(Eudactylinidae) primarily infect elasmobranchs; however, 2 
monotypic genera hold species that seemingly have indepen-
dently colonized neopterygians (Neopterygii) (Deets and Ho, 
1988). Some eudactylinid species appear restricted to 1 host 
(e.g., see Deets, 1994) whereas others exhibit broader host af-
filiations (e.g., see Yamaguti, 1963; Kabata, 1979). All eudac-
tylinid species but 1 are ectoparasites that infect the olfactory 
and branchial chambers of their hosts, where they attach to 
olfactory or gill lamellae or filaments (Benz, 1993). Carnifos-
sorius siamensis Deets and Ho, 1988 is unique among eudac-
tylinids because it is a mesoparasite (sensu Kabata, 1979) that 
attaches by embedding the anterior fifth of its long body into 
the wall of the buccal or branchial chamber of its host (Deets 
and Ho, 1988). The present report erects a new genus and de-
scribes a new species of eudactylinid based on type specimens 
with a long body reminiscent of C. siamensis. A genus-level 
diagnostic key to adult female eudactylinids is also provided. 
MATERIALS AND METHODS 
Copepods were collected from gills of 2 ornate eagle rays, Aetomy-
laeus vespertilio (Bleeker, 1852), captured in trammel nets set in the 
Beagle Gulf (Timor Sea, eastern Indian Ocean) off Darwin, northern 
Australia. Hosts were examined shortly after capture and sections of 
gills with copepods in situ were fixed in 10% formalin. In the-labora-
tory, some copepods were detached and preserved in 70% ethanol. Prior 
to detailed examination using light microscopy, preserved copepods 
were cleared in lactic acid into which a pinch of lignin pink had been 
dissolved. Observations of whole copepods were made using a stereo-
microscope. Some copepods were dissected using fine pins mounted in 
the tips of thin wooden dowels and then examined under a bright-field 
compound microscope using the wooden slide technique of Humes and 
Gooding (1964). Measurements were IlJMI.e using an ocular micrometer 
and illustrations were made using a camera lucida. Several specimens 
were studied using scanning electron microscopy. Those specimens 
were prepared for gold-palladium sputter-coating by placing them in 
100% ethanol (2 changes, 1 hr each) followed by immersion in a small 
volume of hexamethyldisilazane (15 min). Before mounting on metal 
stubs with 2-sided sticky tape, specimens were dried by placing them 
Received 16 May 2006; revised 8 July 2006; accepted 10 July 2006. 
* Stafford Oaks Veterinary Hospital, 927 Dulles Avenue, Stafford, Tex-
as 77477. 
t Gulf Coast Research Laboratory, Department of Coastal Sciences, The 
University of Southern Mississippi, P.O. Box 7000, Ocean Springs, 
Mississippi 39566. 
:j: INVISTA S.A.R.L., Dalton Carpet Technology Center, Dalton, Geor-
gia 30720. 
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under a slight vacuum to remove the hexamethyldisilazane. Information 
used to develop the genus-level, dichotomous identification key for 
adult female eudactylinids came from the present study and from Cres-
sey (1966, 1977), Pillai (1968), Kabata (1979), Deets and Benz (1986, 
1987), Deets and Ho (1988), Benz et al. (1999), and Boxshall (2004). 
Host nomenclature and systematics conform to Compagno (1999) and 
copepod anatomical terminology conforms mostly to Huys and Boxshall 
(1991). 
DESCRIPTION 
Janinecaira n. gen. 
Differential diagnosis: Adult female with diagnostic characteristics 
of Eudactylinidae Wilson, 1922 (see Kabata, 1979; Deets and Ho, 1988; 
Boxshall, 2004). Body long, thin, and cylindrical, with genital complex 
comprising most of body length. Abdomen a short protuberance bearing 
caudal rami. Antennules 5-segmented, antennae 4-segmented, maxilli-
peds large and subchelate. Thoracic leg 1 incorporated into cephalotho-
rax and not separated from maxillipeds by long first pedigerous somite. 
Three well-delimited free thoracic somites each with pair of thoracic 
legs. Thoracic legs 1-4 biramous, with 2-segmented exopods and en-
dopods. Fifth pedigerous somite incorporated into long genital complex 
that distally bears vestigial, digitiform fifth thoracic legs just anterior to 
genital openings. Eggs arranged uniseriately in eggs sacs. Male un-
known. Gill parasites of elasmobranchs. 
Taxonomic summary 
Etymology: Genus-group name (gender feminine) honors our friend 
Professor Janine N. Caira for her contributions to parasitology, and es-
pecially regarding parasites of elasmobranchs. 
Type and only known species: Janinecaira darkthread n. sp. 
Janinecaira darkthread n. sp. 
(Figs. 1-20) 
Adult female: Body extremely long and thin (Fig. 1), overall length 
of holotype approximately 17.0 mm (x ± SE for holotype and 6 para-
types = 18.15 ± 1.13 mm; range = 16.81-20.0 mm). Body cylindrical, 
consisting of cephalothorax followed by 3 free thoracic segments, gen-
ital complex, and I-segment abdomen (Figs. 1-3). Cephalothorax with 
blunt rostrum (Fig. 17), anterolateral margins of cephalothorax with 
several rows of pointed cuticular flaps and spines (Fig. 18). Genital 
complex extremely long (Fig. I), accounting for 88.8% of total body 
length of holotype (x ± SE for holotype and 6 paratypes = 88.6 ± 
1.5%; range = 86.5-90.9%), oviducts open ventrolaterally at junction 
with abdomen (Fig. 3), eggs arranged uniseriately in egg sacs. Abdomen 
(Fig. 3) relatively small, with tiny caudal rami at apex and patches of 
tiny spinules on ventral surface. Caudal rami (Fig. 4) each with 5 naked 
setae and several pointed cuticular flaps on ventral surface. 
Antennule (Fig. 5) short, robust, 5 segments, geniculate with bend at 
junction of second and third segments. First segment with short naked 
seta; second segment with large claw and 7 short naked setae; third 
segment with 4 naked setae; fourth segment with 2 naked setae and 
large serrated seta; fifth segment with short aesthetasc, 6 naked setae, 
and 2 serrated setae (Fig. 5). Antenna (Fig. 6) relatively small, 4 seg-
ments, first segment unarmed, second segment with truncated naked seta 
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FIGURES 1-4. Janinecaira darkthread n. gen., n. sp. (Eudactylinidae, Siphonostomatoida) from gills of an ornate eagle ray, Aetomylaeus 
vespertilio (Bleeker, 1852) (Myliobatidae, Myliobatiformes). (1) Adult female, lateral view. Bar = 2 mm. (2) Adult female, anterior of body, 
lateral view. Bar = 0.2 mm. (3) Adult female, posterior of body, ventral view; a = abdomen, p5 = fifth thoracic legs. Bar = 100 fLm. (4) Adult 
female, caudal rami, ventral view. Bar = 20 fLm. 
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FIGURES 5-12. Janinecaira darkthread n. gen., n. sp. (Eudactylinidae, Siphonostomatoida) from gills of an ornate eagle ray, Aetomylaeus 
vespertilio (Bleeker, 1852) (Myliobatidae, Myliobatiformes). Adult female. (5) Antennule, ventral view. Bar = 20 fLm. (6) Antenna, lateral view. 
Bar = 20 fLm. (7) Mandible, lateral view. Bar = 20 fLm. (8) Maxillule, lateral view. Bar = 20 fLm. (9) Maxilla, lateral view. Bar = 20 fLm. (10) 
Brachium and claw of maxilla, ventral view. Bar = 20 fLm. (11) Maxilliped, lateral view. Bar = 50 fLm. (12) Tip of maxilliped. Bar = 20 fLm. 
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FIGURES 13-16. Janinecaira darkthread n. gen., n. sp. (Eudactylinidae, Siphonostomatoida) from gills of an ornate eagle ray, Aetomylaeus 
vespertilio (Bleeker, 1852) (Myliobatidae, Myliobatiformes). Adult female. (13) Thoracic leg 1, ventral view. Bar = 20 /Jom. (14) Thoracic leg 2, 
ventral view. Bar = 20 /Jom. (15) Thoracic leg 3, ventral view. Bar = 20 /Jom. (16) Thoracic leg 4, ventral view. Bar = 20 /Jom. 
and pointed cuticular flaps, third segment with pointed cuticular flaps, 
claw with 2 small naked setae. Siphonostomatoid mouth tube (Fig. 19), 
labium with membrane around opening. Siphonostomatiod mandible 
(Figs. 7, 19) with 8 teeth on blade. Maxillule (Fig. 8) biramous, endopod 
with 2 long naked apical setae, exopod with 2 (l long, 1 short) apical 
naked setae. Maxilla (Figs. 9, 10) brachiform, lactertus robust and 
armed with distal rank of spines, brachium with rank of spines along 
ventral surface, stout distomedial spines at base of claw, pointed cutic-
ular flaps along distolateral surface, and robust claw with several small 
pointed cuticular flaps. Maxilliped (Figs. 11, 12) relatively large (see 
Fig. 1), subchelate, 3 segments, basal segment large and unarmed, cor-
pus robust with myxa extending to form pocket to receive claw, claw 
stout with small spiniform seta. 
Thoracic leg 1 (Fig. 13) incorporated into cephalothorax (see Fig. 2), 
biramous, interpodal bar unarmed, coxa with lateral pointed cuticular 
flaps, basis with lateral naked seta and several ventral cuticular flaps. 
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FIGURES 17-20. Scanning electron micrographs o f JaJlinecaira dark/hread n. gen., n. sp. (Eudacrylinidae, Siphonostomatoida) from gills o f 
an ornate eagle ray, Ae/omylaeus vesper/ilio (Bleeker, 1852) (Myliobatidae, M y liobatiformes). Adult female. (17) Ro trum (r). Bar = 10 fLm. (18) 
Lateral margin o f cephalothorax showing rows o f pointed cuticular fl aps (s ingle-headed arrows) and spines (double-headed arrows). Bar = 10 
fLm. (19) M outh tube; mn = mandible. Bar = 10 fLm . (20) Thoracic leg 5, apica l view. Bar = 10 fLm. 
Endopod (Fig. 13) 2 segments; first segment w ith lateral rank of spines, 
second segment with 2 ( I large, I small) apica l serrated setae, lateral 
row of spine , and everal pointed cuticular fl aps on ventral urface. 
Exopod (Fig. 13) 2 segments; first segn~'l1 with stout d isto lateral spi -
ni form seta, lateral rank o f spine, and several pointed cuticular fl aps 
on ventral surface; second segment w ith 2 serrated and 2 short nak ed 
apica l setae. Thorac ic leg 2 (Fig. 14) localed on first free thoracic eg-
ment (see Fig. 2), biramous, interpodal bar unarmed, coxa with lateral 
pointed cuticular fl aps, ba is with lateral naked seta and pointed cutic-
ular fl aps on ventral surface. Endopod (Fig. 14) 2 segments; fi r t seg-
ment laterall y inflated, w ith lateral border o f spines and scattered point-
ed cuticular fl aps on ventral urface; second segment with lateral border 
of spines, several pointed cuticular fl aps on ventral surface and 2 ser-
rated apica l setae o f unequal size. Exopod (Fig. 14) 2 segments; first 
segment w ith stout disto lateral spiniform seta, lateral rank of spines, 
and everal pointed cuticular fl aps on ventra l surface; second segment 
w ith I serrated and 3 ShOJ1 nak ed apica l etae and everal pointed apica l 
cuticu lar fl aps. Thoracic leg 3 (Fig. 15) located on second free thoracic 
egment (see Fig. 2), biramous, interpodal bar unarmed, coxa w ith sev-
eral pointed cuticular fl aps, basis with lateral naked seta and pointed 
cuticular fl aps on ventral surface. Endopod (Fig. 15) 2 segments; first 
segment laterally inflated, WiLh lateral border of spines and pointed cu-
ticular fl ap on ventral surface; second egmenl w ith pointed apica l 
cuticular fl aps and robust errated seta. Exopod (Fig. 15) 2 segment ; 
fi rst segment w iLh stout disto lateral spini form seta and distoventral 
pointed cuticular fl aps; second segment w iLh 2 serrated and 2 short 
naked apica l setae and severa l pointed apica l cuticular fl aps. Three of 
4 closely examined specimens had I leg with 2 serrated and I short 
naked setae on second exopod segment. Thoracic leg 4 (Fig. 16) located 
on third free thoracic segment (see Fig. 2), biramous, interpodal bar 
unarmed, coxa w ith everal pointed cuticular fl aps, basis with lateral 
naked seta and pointed cuticular fl aps on ventral surface. Endopod (Fig. 
16) 2 segments; first segment laterally inflated, with lateral border o f 
spines and pointed cuticular fl aps on ventral surface; second segment 
with pointed apica l cuticular fl aps and robust serrated seta. Exopod (Fig. 
16) 2 segments; fir t segment with stout disto lateral piniform seta and 
several pointed cuticular fl aps on ventral surface; second segment w ith 
2 serrated and 2 short naked apica l setae. One of 4 closely examined 
specimens had I leg with 2 serrated and I short naked setae on second 
exopod segment. Thoracic leg 5 (Figs. 3, 20) located at posterior of 
genital complex, a vestigial digitiform projection with 3 naked apical 
setae and scattered pointed cuticular flaps. 
Eggs arranged uniseriately in long egg sacs. 
Male: Unknown. 
Taxonomic summary 
Type and only known host: Ornate or reticulate eagle ray, Aetomy-
laeus vespertilio (Bleeker, 1852) (Myliobatidae, Myliobatiformes). 
Type locality and date of host capture: Hosts captured in Beagle Gulf 
(Timor Sea, eastern Indian Ocean) off northern Australia, on 6 August 
1997. 
Site of infection and attachment mode: Attached to gill filaments just 
below respiratory lamellae, with body trailing downstream (relative to 
flow of respiratory water; see Benz, 1984) in excurrent water channel 
between adjacent filaments. Only 1 copepod resided between any 2 
adjacent gill filaments. 
Specimens collected: Twenty-four adult female specimens from 2 
hosts (8 and 16 specimens on each host, respectively). 
Specimens deposited: Holotype and 2 paratypes (all adult females) 
deposited in the Queensland Museum, Queensland, Australia (holotype 
W 28029, paratypes W 28030); 4 paratypes (adult females) deposited 
in the National Museum of Natural History, Smithsonian Institution, 
Washington, D.C. (USNM 2040984); 8 remaining paratypes and other 
specimens (all adult females) in the personal collection of the first au-
thor. 
Etymology: Species-group name refers to the dark, thread-like ap-
pearance of the new species. 
DISCUSSION 
Janinecaira darkthread n. gen., n. sp. represents Eudactylin-
idae based on general body form, segmentation, and details of 
the appendages (see eudactylinid characteristics in Kabata 
[1979], Deets and Ho [1988], and Boxshall [2004]). Janine-
caira n. gen. is easily distinguished from other eudactylinid 
genera in that its adult females possess a genital complex com-
prising over 86% of the total body length. The long body of J. 
darkthread n. sp. appears similar to that of Carnifossorius sia-
mensis Deets and Ho, 1988 at first glance; however, closer in-
spection reveals great differences between these taxa. Most no-
ticeable is that the cephalothorax and first 4 pedigerous seg-
ments of C. siamensis together comprise about 50% of the total 
body length, whereas in J. darkthread n. sp. those components 
comprise only about 9.1-13.5% of the body length. Another 
easily noticeable difference is that the first pair of thoracic legs 
in C. siamensis is separated from the maxillipeds by a long 
neck-like region, whereas in J. darkthread n. sp. those legs 
reside just posterior to the maxillipeds. Within Eudactylinidae, 
only J. darkthread n. sp. and species of Eudactylina van Be-
neden, 1853 possess 5-segmented antennules (see Deets and 
Ho, 1988). Janinecaira darkthread n. sp. and Eudactylina spp. 
also uniquely exhibit 1 stout claw on th9.second segment of the 
antennule (Deets and Ho, 1988). Some characteristics that eas-
ily distinguish J. darkthread n. sp. from Eudactylina spp. in-
clude the enormous genital complex of J. darkthread adult fe-
males and the fact that all Eudactylina spp. possess a multis-
egmented abdomen (see Deets, 1994), whereas the adult female 
abdomen of J. darkthread is 1 segment. In addition, both rami 
of the first 4 pairs of thoracic legs of most Eudactylina spp. are 
trimerous (Deets, 1994), whereas those of J. darkthread adult 
females are bimerous. The only eudactylinids that possess bi-
merous rami on all biramous thoracic legs are representatives 
of Janinecaira n. gen., Nemesis Risso, 1826 (see Deets and Ho, 
1988), and adult males of Jusheyus shogunus Deets and Benz, 
1987; the biramous thoracic legs of J. shogunus adult females 
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are bimerous except for the exopod of leg 4 which is trimerous 
(Deets and Benz, 1987). The stout and seemingly powerful 
maxillipeds of J. darkthread n. sp., with their large myxal re-
gion extending to oppose the subchela to form a pincher, appear 
somewhat similar to species of Carnifossorius, Eudactylinopsis 
Pillai, 1968, and Heterocladius Deets and Ho, 1988. 
Like most eudactylinids (see Deets and Ho, 1988), J. dark-
thread n. sp. infects an elasmobranch. However, J. darkthread 
n. sp. is somewhat unique among eudactylinids regarding its 
habitat. All specimens of J. darkthread n. sp. were attached to 
gill filaments just below portions of lamellae nearest the ex-
current water channel such that the bulk of the long body trailed 
free in a downstream direction by coursing through the excur-
rent water channel between adjacent gill filaments. To our 
knowledge, this is the only eudactylinid that resides in the ex-
current water channels between gill filaments. In the field, the 
presence of these thin, dark-colored parasites was often be-
trayed by their posterior extremity or egg sacs trailing beyond 
the distal free tips of the gill filaments and over the lightly-
colored interbranchial septum. 
Key to genera of Eudactylinidae based on adult females 
1. Posterodorsal margin of cephalothorax articulates with dorsal 
plate that laterally bears dorsal stylets ............. . 
· . . . . . . . . . . . . . . . . . . . . . . lusheyus Deets and Benz, 1987 
No dorsal sty lets associated with posterodorsal margin of ceph-
alothorax . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
2. Body strikingly long ............................. 3 
Body not strikingly long . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 
3. First pair of thoracic legs located far behind maxillipeds, ab-
domen long and cylindrical .................... . 
· ................... Camifossorius Deets and Ho, 1988 
First pair of thoracic legs nearby maxillipeds, abdomen small 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . laninecaira n. gen. 
4. Second segment of antennule with 1 to several stout claws .. 5 
Second segment of antennule without stout claw . . . . . . . . .. 6 
5. Second segment of antennule with 1 stout claw ....... . 
· ...................... Eudactylina van Beneden, 1853 
Second segment of antennule with 3 stout claws ....... . 
· ........................ Eudactylinodes Wilson, 1932 
6. Antennule with 13 or more segments . . . . . . . . . . . . . . . . .. 7 
Antennule with 11 or less segments . . . . . . . . . . . . . . . . . .. 9 
7. Antennule with at most 14 segments ..... Nemesis Risso, 1826 
Antennule with 18 segments . . . . . . . . . . . . . . . . . . . . . . .. 8 
8. Tergites of free thoracic segments well defined in dorsal view 
. . . . . . . . . . . . . . . . . . . . . . . . Protodactylina Laubier, 1966 
Tergites of free thoracic segments not well defined in dorsal 
view ........................ Bariaka Cressey, 1966 
9. Myxal region of maxilliped a stout process that can oppose tip 
of subchela to form pincher . . . . . . . . . . . . . . . . . . . . .. 10 
Myxal region of maxilliped small, does not oppose tip of sub-
chela to form pincher ......... Eudactylinella Wilson, 1932 
10. Caudal rami absent, antennule 10 segments .......... . 
· ..................... Heterocladius Deets and Ho, 1988 
Caudal rami present, antennule 8 segments ........... . 
· ......................... Eudactylinopsis Pillai, 1968 
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DACTYLOGYRIDS (MONOGENOIDEA) PARASITIZING THE GILLS OF SPINEFOOTS 
(TELEOSTEI: SIGANIDAE): PROPOSAL OF GL YPHIDOHAPTOR N. GEN., WITH TWO NEW 
SPECIES FROM THE GREAT BARRIER REEF, AUSTRALIA, AND G. PLECTOCIRRA 
N. COMB. FROM RAS MOHAMMED NATIONAL PARK, EGYPT 
Delane C. Kritsky, Paolo Galli: and Tingbao Yangt 
Department of Health and Nutrition Sciences, Campus Box 8090, Idaho State University, Pocatello, Idaho 83209. e-mail: kritdela@isu.edu 
ABSTRACT: Nine species of Siganus (Perciformes: Siganidae) were examined for dactylogyrids (Monogenoidea) from the Red 
Sea, Egypt; the Great Barrier Reef, Australia; and the South China Sea, China. Species of Tetrancistrum were found on siganids 
from all 3 localities; Pseudohaliotrema spp. were restricted to siganids from the Great Barrier Reef; and species representing 
Glyphidohaptor n. gen. were found on siganids from the Red Sea and Great Barrier Reef. Siganus argenteus from the Red Sea 
and Siganus vulpinus from the Great Barrier Reef were negative for dactylogyrid parasites. Glyphidohaptor n. gen. is proposed 
for 3 species (2 species new to science) and the new species are described: Glyphidohaptor phractophallus n. sp. from Siganus 
fuscescens from the Great Barrier Reef; Glyphidohaptor sigani n. sp. from Siganus doliatus (type host), Siganus punctatus, 
Siganus corallinus, and Siganus lineatus from the Great Barrier Reef; and Glyphidohaptor plectocirra (Papema, 1972) n. comb. 
(=Pseudohaliotrema plectocirra Papema, 1972) from Siganus luridus and Siganus rivulatus from the Red Sea. 
Spinefoots (or rabbitfishes), Siganus spp. (Siganidae), are 
marine perciform fishes occurring throughout the tropical and 
subtropical Indo-Pacific Region except for the waters of the 
Hawaiian Islands and Easter Island (Woodland, 1990). In ad-
dition to some unidentified siganids (see Yamaguti, 1953; Pap-
erna, 1972), only 8 of the 28 valid species of Siganus listed by 
Froese and Pauly (2006) have been reported as hosts for dac-
tylogyrids (Monogenoidea). Three other species, the stream-
lined spinefoot, S. rostratus (Valenciennes) (now S. argenteus 
(Quoy and Gaimard)), the foxface, S. vulpinus (Schlegel and 
Muller), and the streaked spinefoot, S. javus (Linnaeus), have 
been examined, but dacty10gyrids have not been recorded from 
these hosts (Paperna, 1972; Lim, 2002, nobis). 
Three dactylogyrid genera, Tetrancistrum Goto and Kikuchi, 
1917, Pseudohaliotrema Yamaguti, 1953, and Pseudohaliotre-
matoides Yamaguti, 1953, presently contain species infesting 
spinefoots. Goto and Kikuchi (1917) proposed Tetrancistrum 
for Tetrancistrum sigani Goto and Kikuchi, 1917 from the gills 
of the mottled spinefoot, Siganus fuscescens (Houttuyn), off 
Japan. Yamaguti (1953) established Pseudohaliotrema (with 2 
subgenera) for 3 species, Pseudohaliotrema (P.) sphincteropo-
rus Yamaguti, 1953, Pseudohaliotrema (P.) sigani Yamagwti, 
1953, and Pseudohaliotrema (Pseudohaliotrematoides) fusifor-
me Yamaguti, 1953, from unidentified siganid hosts from Ma-
cassar, Celebes. Young (1967) synonymized Pseudohaliotre-
matoides with Tetrancistrum by transferring its type species, P. 
(P.) fusiforme to Tetrancistrum based on specimens of the spe-
cies collected from the golden-line spinefoot, Siganus lineatus 
(Valenciennes) in Australia. Young (1~67) also described Te-
trancistrum nebulosi Young, 1967 from Siganus nebulosus 
(Quoy and Gaimard) (now S. fuscescens) and the white-spotted 
spinefoot, Siganus oramin (Bloch and Schneider) (now S. can-
aliculatus (Park)), and Tetrancistrum oraminii Young, 1967 
from S. oramin from the Great Barrier Reef. Paperna (1972) 
rejected Young's (1967) proposal of synonymy of Pseudohali-
Received 22 May 2006; revised 11 September 2006; accepted 11 Sep-
tember 2006. 
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otrematoides and Tetrancistrum and described Pseudohaliotre-
matoides polymorph us Paperna, 1972 with 3 subspecies: Pseu-
dohaliotrematoides polymorphus eilaticus from the dusky spi-
nefoot, Siganus luridus (Riippell); Pseudohaliotrematoides po-
lymorphus suezicus from the marbled spinefoot, Siganus 
rivulatus ForsskiH; and Pseudohaliotrematoides polymorphus 
indicus from Siganus sp. in the Red Sea (former 2 subspecies) 
and eastern coast of Africa (latter subspecies). Paperna (1972) 
also described Pseudohaliotrema plectocirra Paperna, 1972 
from S. luridus and S. rivulatus in the Red Sea. Subsequently, 
Raju and Rao (1978) described Tetrancistrum indicum Raju and 
Rao, 1978 from S. oramin off the Waltair Coast, Bay of Bengal, 
India. Lim (2002) revised Pseudohaliotrema, restricted it to 
species infesting Siganus spp., transferred P. plectocirra to Te-
trancistrum, and described 3 new species: Pseudohaliotrema 
virgata Lim, 2002 and Pseudohaliotrema molnari Lim, 2002 
from the barhead spinefoot, Siganus virgatus (Valenciennes), 
and Pseudohaliotrema falcata Lim, 2002 from the orange-spot-
ted spinefoot, Siganus guttatus (Bloch), off Singapore. Finally, 
Geets et al. (1997) reported Tetrancistrum sigani (an apparent 
misidentification of the species) and Pseudohaliotrema sp. from 
the shoemaker spinefoot, Siganus sutor (Valenciennes), from 
the Mombasa area of eastern Africa. 
Nine species of Siganus (blue-spotted spinefoot, S. corallinus 
(Valenciennes); S. fuscescens; barred spinefoot, S. doliatus Gue-
rin-Meneville; S. lineatus; goldspotted spinefoot, S. punctatus 
(Schneider and Forster); S. vulpinus; S. luridus; S. rivulatus; 
and S. argenteus) were examined for dactylogyrid monoge-
noids. In the present article, the first in a series of 3 articles 
dealing with the dactylogyrid parasites of siganid fishes, Gly-
phidohaptor n. gen. is proposed to accommodate Pseudohali-
otrema plectocirra Paperna, 1972 (= T. plectocirra) from the 
Red Sea; 2 new species, described herein, from siganid hosts 
collected from the Great Barrier Reef; and an unidentified spe-
cies of Glyphidohaptor found among specimens mounted on 
the microscope slides containing the types of P. (P.) sphincter-
oporus and P. (P.) sigani originally collected from unidentified 
Siganus spp. from Macassar, Celebes, by Yamaguti (1953). In 
the second and third articles of the series dealing with the dac-
tylogyrids of siganids, Pseudohaliotrema and Tetrancistrum are 
revised, respectively. 
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TABLE 1. Occurrence of dactylogyrids on spinefoots (Siganus spp.) from 
Australia, China, and Egypt. 
Pseudohali- Tetrancis- Glyphido-
otrema trum haptor 
Host Locality* spp. spp. spp. 
Siganus argenteus 
Siganus luridus + + 
Siganus rivulatus + + 
Siganus fuscescens 2 + + 
3 + 
Siganus doliatus 2 + + 
Siganus lineatus 2 + + + 
Siganus punctatus 2 + + 
Siganus corallinus 2 + + 
Siganus vulpinus 2 
* 1 = Ras Mohammed National Park, Egypt; 2 = Heron Island, Australia; 3 = 
Haiuan Province, South China Sea, China. 
MATERIALS AND METHODS 
Spinefoots were collected from Ras Mohammed National Park, 
Egypt; Heron Island on the Great Barrier Reef, Australia; and the South 
China Sea, Lingao, Hainan Province, China. Scientific names of hosts 
are those provided in Fishbase (Froese and Pauly, 2006), except when 
referenced directly from original publications. Gill baskets were re-
moved from each fish at the site of collection and placed in hot (60 C) 
4% formalin to relax and fix the parasites; fixed gills from each fish 
were placed in separate vials containing the respective fluids, labeled, 
and shipped to the United States for study. Dactylogyrids were subse-
quently removed from the gills or sediment by using a small probe and 
dissecting microscope. Some specimens were mounted unstained in 
Gray and Wess medium for study of sclerotized parts; other specimens 
were stained with Gomori's trichrome or Grenacher borax carmine 
(Kritsky et aI., 1978; Humason, 1979) and mounted in Canada balsam 
for observing internal anatomy. Illustrations were prepared with the aid 
of a camera 1ucida or microprojector. Measurements, all in micrometers, 
represent straight-line distances between extreme points and are ex-
pressed as the mean followed by the range and number (n) of structures 
measured in parentheses. Body length includes that of the haptor; mea-
surements of the copulatory complex and anchor are represented in the 
drawings as the perpendicular distance between parallel lines (Figs. 4, 
5, 10, 15, 16,20). Descriptions of new species are based solely on type 
specimens obtained from the type host and· type locality; specimens 
from other hosts and localities are considered voucher specimens, Type 
and voucher specimens are deposited in the U.S. National Parasite Col-
lection, Beltsville, Maryland (USNPC) and the helminth collections of 
the Queensland Museum, Brisbane, Australia (QM); the Natural History 
Museum of Milan, Milan, Italy (MSNM); the Meguro Parasitological 
Museum, Tokyo, Japan (MPM); and the British Museum of Natural 
History (BMNH) as indicated in the following descriptions. For com-
parative purposes, the following specimens were examined: holotype, 
paratypes, Pseudohaliotrema (Pseudohaliotrema) sigani Yamaguti, 
1953 (MPM 22837); holotype, PseudolthUotrema (Pseudohaliotrema) 
sphincteroporus Yamaguti, 1953 (MPM 22838); holotype, paratypes, 
Pseudohaliotrema (Pseudohaliotrematoides) fusiforme Yamaguti, 1953 
(MPM 22839); 2 paratypes, P. falcata Lim, 2002 (BMNH 
2001.4.30.10-12); 3 paratypes, P. molnari Lim, 2002 (BMNH 
2001.4.30.7-8); and 4 paratypes, P. virgata Lim, 2002 (BMNH 
2001.4.30.3-5). 
RESULTS 
Seven of 9 species of Siganus examined were positive for 
dactylogyrid parasites (Table I). Only S. vulpinus from the 
Great Barrier Reef, Australia, and S. argenteus from the Ras 
Mohammed National Park, Egypt, were uninfected. Species of 
Glyphidohaptor n. gen. infested all other Siganus spp. examined 
except S. fuscescens collected in the South China Sea; S. fus-
cescens from the Great Barrier Reef, however, was host to a 
species of Glyphidohaptor. Species of Pseudohaliotrema were 
restricted to siganid hosts from the southwestern Pacific; they 
were absent from hosts collected from the South China Sea and 
the Red Sea. Species of Tetrancistrum were found throughout 
the study area. 
DESCRIPTION 
Class Monogenoidea Bychowsky, 1937 
Subclass Polyonchoinea Bychowsky, 1937 
Order Dactylogyridea Bychowsky, 1937 
Dactylogyridae Bychowsky, 1933 
Glyphidohaptor n. gen. 
Diagnosis: Body fusiform, slightly flattened dorsoventrally, com-
posed of the body proper (cephalic region, trunk, short peduncle), hap-
tor. Tegument smooth. Two terminal, 2 bilateral cephalic lobes, 3 pairs 
of bilateral head organs; cephalic glands posterolateral to pharynx. Eye-
spots absent; chromatic granules minute, subovate, scattered throughout 
cephalic region and anterior trunk. Mouth subterminal, midventral, at 
level of head organs, opening into buccal tube; buccal tube extending 
posteriorly along body midline to pharynx; pharynx made up of mus-
cular, glandular bulb; esophagus short to moderately long; intestinal 
ceca 2, confluent posterior to gonads, lacking diverticula. Common gen-
ital pore midventral, immediately posterior to intestinal bifurcation. Go-
nads intercecal; germarium lying to right of anterior portion of testis. 
Proximal portion of vas deferens not observed; seminal vesicle a simple 
dilation of vas deferens immediately posterior to base of male copula-
tory organ (MCO); bilateral prostatic glands dorsolateral to copulatory 
complex; 2 elongate U-shaped prostatic reservoirs emptying individu-
ally into base of MCO. Copulatory complex composed of basally artic-
ulated MCO, accessory piece. MCO tubular, with basal flange, enclosed 
in variably developed sheath. Accessory piece rod shaped with plate-
like projection arising along proximal half of rod. Oviduct short, re-
ceiving bilateral ducts of vitellarium, vagina; ootype, seminal receptacle 
not observed; uterus extending anteriorly along body midline to com-
mon genital pore. Vaginal pore dextromarginal, in anterior trunk; vagina 
with distal vestibule, variably coiled or meandering tube extending to 
oviduct. Vitellarium coextensive with gut, absent in regions of other 
reproductive organs. Haptor bilobed on posterior margin, subtrapezo-
idal, with truncate or slightly indented posterior margin wider than an-
terior margin, armed with dorsal, ventral anchor-bar complexes, 7 pairs 
of similar hooks with ancyrocephaline distribution (Mizelle, 1936; Miz-
elle and Price, 1963). Dorsal, ventral anchors similar; each with large 
broad base with subequallongitudinally striated roots, short shaft, short 
rapidly tapered open point. Ventral bar with subterminal globose ex-
pansions from each of which anterolaterally directed lobulate projection 
arises; dorsal bar flat, ribbon like, delicate (often difficult to observe), 
with ends directed anteriorly approximately perpendicular to median 
portion of bar. Hook with protruding thumb, slender shank composed 
of 1 subunit; filamentous hook (FH) loop about shank length. Parasites 
of gills of marine fishes (Siganidae). 
Taxonomic summary 
Type species: Glyphidohaptor phractophallus n. sp. from the gills of 
Siganus fuscescens (Houttuyn). 
Other species: Glyphidohaptor sigani n. sp. from the gills of Siganus 
corallin us, S. doliatus (type host), S. lineatus and S. punctatus. Glyphi-
dohaptor plectocirra (Paperna, 1972) n. comb. from Siganus luridus 
(type host) and Siganus rivulatus. Glyphidohaptor sp. from Siganus sp. 
Etymology: The generic name is a noun derived from Greek (gly-
phidos = the notched end of an arrow) and refers to the shape of the 
posterior margin of haptor. 
Remarks 
Glyphidohaptor n. gen. most closely resembles Pseudohaliotrema. In 
addition to species of both genera currently restricted to siganid hosts, 
they share the following morphologic features: a germarium lying to 
the right of the anterior portion of the testis; a dextromarginal vaginal 
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pore; a vagina made up of a vaginal vestibule and a delicate coiled or 
meandering vaginal tube; 2 elongate prostatic reservoirs; and absence 
of eyespots. The 2 genera are differentiated by species of Glyphido-
haptor having a comparatively short peduncle (peduncle elongate even 
in contracted specimens of Pseudohaliotrema spp.); a subtrapazoidal 
haptor with the indented posterior margin wider than the anterior margin 
(anterior portion of haptor widest in species of Pseudohaliotrema); an-
chors with broad enlarged bases having subequal roots, short shafts and 
short open points (anchors simple, dissimilar, typically dactylogyrid in 
Pseudohaliotrema spp.); a ventral bar with subterminal globose enlarge-
ments, each of which supports a terminal lobulate projection (ventral 
bar simple in Pseudohaliotrema spp.); a lightly sclerotized ribbon-like 
dorsal bar (often impossible to see in stained and unstained specimens) 
with ends bent anteriorly about perpendicular to the main portion of the 
bar (dorsal bar simple in Pseudohaliotrema spp.); a tubular MCO (MCO 
a variable sclerotized chamber that serves in formation of spermato-
phores in Pseudohaliotrema spp.), and by lacking a broad articulation 
process of the accessory piece (articulation process broad, plate-like in 
Pseudohaliotrema spp.). The prostatic reservoirs are generally large and 
greatly distended with secretory product from the prostatic glands and 
may extend posteriorly to the mid-level of the testis in Pseudohaliotre-
ma species, whereas they are small, narrow, and comparatively indis-
tinct in species of Glyphidohaptor; the so-called "spermatophore trans-
fer tube" and "spermatophore chamber" described by Lim (2002) for 
species of Pseudohaliotrema are absent in Glyphidohaptor spp. The 
new genus is distinguished from all other dactylogyrid genera by the 
comparative morphology of the haptoral armament and haptor and in 
the relative positions of the gonads displayed by its species. 
As far as we are aware, the germarium lying to the right of the 
anterior portion of the testis only occurs in species of Glyphidohaptor 
and Pseudohaliotrema within the Dactylogyridae, suggesting that the 
feature is apomorphic and that the 2 taxa are phylogenetically related. 
Although other morphologic characters clearly differentiate the genera, 
the proposition that the 2 taxa represent independent evolutionary lines 
is further supported by the geographic distributions and natural occur-
rences of these parasites on siganid hosts. Species of Pseudohaliotrema 
have not been recorded from siganids from the Indian Ocean west of 
the Sunda Islands (Indonesia) and Australia (Table I; also see Lim, 
2002), but sympatric species of both genera parasitize these fishes from 
the Great Barrier Reef where independent diversification and speciation 
in both taxa have apparently occurred. 
Glyphidohaptor phractophallus n. sp. 
(Figs. 1, 4-9) 
Description: Body 731 (608-876; n = 26) long; greatest width 186 
(141-254; n = 27) at level of gonads. Cephalic lobes well developed; 
each head organ made up of groupings of terminations of cephalic-gland 
ducts. Pharynx 39 (29-45; n = 27) wide, subspherical to elongate 
ovate. Testis 155 (119-193; n = 24) long, 53 (37-70; n = 24) wide, 
fusiform; seminal vesicle small, indistinct; prostatic reservoirs elongate, 
narrow, originating dorsal to copulatory complex. Copulatory complex 
52 (44-60; n = 12) long; MCO an arcing tube enclosed within heavy 
sheath, with bulbous terminal expansion, basal flange; accessory piece 
flat, bladelike, with large basal flange, short articulating process. Ger-
marium 31 (26-39; n = 25) wide, pyriform; vaginal vestibule variable, 
lightly sclerotized; vaginal tube with distal loop, expanding at junction 
with oviduct; vitellarium dense. Haptor 65 ·(58-80; n = 21) long, 99 
(90-112; n = 20) wide; ventral anchor 52 (47-57; n = 10) long, base 
35 (31-38; n = 10) wide; dorsal anchor 53 (50-56; n = 9) long, base 
34 (32-36; n = 9) wide; ventral bar 36 (30-39; n = 9) long, dorsal bar 
36 (33-40; n = 5) long; hook 12 (11-13; n = 9) long. 
Taxonomic summary 
Host and locality: Mottled spinefoot, Siganus fuscescens (Hout-
tuyn)-Heron Island (Great Barrier Reef), Australia (23°27'S, 
151°55'E); 16 July 2001. 
Site of infestation: Gills. 
Specimens studied: Holotype, QM G 227442; 40 paratypes, QM G 
227443-227451, USNPC 98604, BMNH 2006.8.8.13-14, MSNM Pi 
3894-3895; MPM 18828. 
Etymology: The specific name is a noun derived from Greek (phrak-
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tos = fenced in, protected + phallos 
enclosed tubular MCO. 
Remarks 
the penis) and refers to the 
Glyphidohaptor phractophallus n. sp. is the type species of the genus. 
Glyphidohaptor sigani n. sp. 
(Figs. 2, 10-15) 
Description: Comparative measurements of specimens from respec-
tive hosts are presented in Table II. Body stout; greatest width in pos-
terior trunk at level of gonads. Cephalic lobes moderately developed; 
each head organ is made up of terminations of cephalic-gland ducts. 
Pharynx ovate, with posterior indentation occasionally visible at union 
with esophagus. Testis broad, fusiform; seminal vesicle small, indistinct; 
prostatic reservoirs extending dorsally from base of copulatory com-
plex. MCO variable, made up of short broad lightly sclerotized tube 
with flared recurved end, basal flange. Accessory piece rod shaped, with 
subbasal flange, distally bifid end; distal branches short, blunt. Ger-
marium pyriform; vaginal pore in anterior trunk; vaginal vestibule var-
iable, lightly sclerotized; meandering vaginal tube extending to oviduct; 
vitellarium dense. 
Taxonomic summary 
Type host and locality: Barred spinefoot, Siganus doliatus Guerin-
Meneville-Heron Island (Great Barrier Reef), Australia (23°27'S, 
151 0 55'E); 16, 18, 21 July 2001. 
Other records: Blue-spotted spinefoot, Siganus corallinus (Valenci-
ennes)-Heron Island (Great Barrier Reef), Australia (23°27'S, 
151°55'E); 15, 21, 22 July 2001. Golden-lined spinefoot, Siganus li-
neatus (Valenciennes)-Heron Island (Great Barrier Reef), Australia 
(23°27'S, 1510 55'E); 16 July 2001. Goldspotted spinefoot, Siganus 
punctatus (Schneider and Forster)-Heron Island (Great Barrier Reef), 
Australia (23°27'S, 1510 55'E); 18 July 2001. 
Site of infestation: Gills. 
Specimens studied: Holotype, QM G 227452; 43 paratypes, QM G 
227453-227461, USNPC 98594, 98595, 98596, 98597, 98598, BMNH 
2006.8.8.11-12, MSNM Pi 3892-3893, MPM 18829; 20 voucher spec-
imens (from S. corallinus), USNPC 98599, 98600, 98601; 28 voucher 
specimens (from S. lineatus), USNPC 98602; 21 voucher specimens 
(from S. punctatus), USNPC 98603. 
Etymology: The specific name (sigani) recognizes the hosts, Siganus 
spp., of this parasite. 
Remarks 
The MCO of G. sigani is a broad tube with flared distal end, which 
differentiates this species from its congeners. In G. phractophallus n. 
sp. and G. plectocirra (Paperna, 1972) n. comb., the MCO consists of 
a tapered narrow tube enclosed within a relatively heavy sheath. The 
sheath surrounding the MCO of G. sigani is thin and delicate. 
Although apparently limited to species of Siganus, G. sigani occurs 
on multiple (at least 4) species of spinefoots in the southwestern Pacific. 
We were unable to detect any significant morphologic differences in 
specimens from the respective hosts that would allow separation of the 
populations into distinct species. Body length, ventral and dorsal anchor 
length, and pharyngeal width suggest that 2 semidistinct forms of G. 
sigani occur in Australian waters. These dimensions were somewhat 
larger in the specimens of G. sigani recovered from S. punctatus and 
S. lineatus. However, with 2 exceptions, ranges recorded for respective 
specimens from each host overlapped; these noted size differences were 
considered intraspecific variation, probably a result of host influences. 
Similar morphometric differences were seen in G. plectocirra from the 
Red Sea, where morphologically identical specimens from S. luridus 
and S. rivulatus differ in size (larger specimens recorded on S. rivulatus) 
(see Paperna, 1972; Remarks herein for G. plectocirra). 
Glyphidohaptor plectocirra (Paperna, 1972) n. comb. 
(Figs. 3, 16-21) 
Synonyms: Pseudhaliotrema plectocirra Paperna, 1972; Tetrancis-
trum plectocirra (Paperna, 1972) Lim, 2002. 
Redescription: Based on specimens from Siganus luridus; respective 
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FIGURES 1-3. Whole-mount drawings of Glyphidohaptor species (ventral views). (1) Glyphidohaptor phractophallus n. sp. (2) Glyphidohaptor 
sigani n. sp. (3) Glyphidohaptor plectocirra (Paperna, 1972) n. comb. 
• 
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Glyphidohaptor phractophallus sp. D. 
11 
Glyphidohaptor sigani sp. D. 
17 
i 
19 
13 
~ 20 
Glyphidohaptor plectocirra (PaperDa, 1972) comb. D. 
15 
21 
FIGURES 4-21. Haptoral and copulatory sclerites of Glyphidohaptor species. (4-9) Glyphidohaptor phractophallus n. sp. (4) Copulatory 
complex (ventral). (5) Ventral anchor. (6) Hook. (7) Dorsal bar. (8) Ventral bar. (9) Dorsal anchor. (10-15) Glyphidohaptor sigani n. sp. (10) 
Ventral anchor. (11) Dorsal anchor. (12) Hook. (13) Dorsal bar. (14) Ventral bar. (15) Copulatory complex (ventral). (16-21) Glyphidohaptor 
plectocirra (Paperna, 1972) n. comb. (16) Copulatory complex (ventral). (17) Dorsal bar. (18) Ventral bar. (19) Ventral anchor. (20) Dorsal anchor. 
For all figures, bar = 25 fl.m; lengths of the copulatory complexes and anchors, as indicated in the individual species accounts, represent the 
distance between parallel lines on the respective drawings. 
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TABLE II. Comparative measurements (in micrometers) of Glyphidohaptor sigani n. sp. from 4 Siganus spp. of the Great Barrier Reef. 
Siganus doliatus Siganus punctatus Siganus carolinus Siganus lineatus 
Body 
Length 407 (325-500; n = 29) 576 (527-644; n = 5) 470 (435-539; n = 10) 557 (372-648; n = 17) 
Width 171 (134-213; n = 27) 186 (159-228; n = 5) 160 (129-199; n = 10) 164 (122-213; n = 18) 
Haptor 
Length 64 (51-74; n = 25) 68 (58-79; n = 6) 61 (47-69; n = 10) 68 (58-82; n = 18) 
Width 97 (84-118; n = 28) 99 (83-110; n = 6) 99 (84-114; n = 10) 102 (87-118; n = 15) 
Pharynx 30 (25-36; n = 30) 35 (31-36; n = 7) 31 (29-33; n = 10) 37 (31-41; n = 16) 
Copulatory complex 47 (40-51; n = 8) 49 (45-52; n = 11) 47 (42-50; n = 8) 46 (40-51; n = 8) 
Ventral anchor 
Length 48 (44-52; n = 7) 54 (52-57; n = 7) 49 (45-53; n = 6) 54 (51-58; n = 8) 
Base width 33 (30-36; n = 7) 37 (34-38; n = 6) 35 (32-38; n = 5) 34 (29-38; n = 6) 
Dorsal anchor 
Length 53 (49-56; n = 7) 59 (57-61; n = 9) 53 (50-55; n = 8) 58 (56-62; n = 8) 
Base width 32 ( 28-38; n = 7) 37 (33-39; n = 7) 34 (29-37; n = 7) 34 (32-37; n = 6) 
Ventral bar 31 (28-34; n = 7) 32 (30-35; n = 5) 30 (27-33; n = 5) 30 (27-35; n = 10) 
Dorsal bar 36-37 (n = 1) 35 (32-39; n = 4) 33 (31-38; n = 3) 35 (29-45; n = 7) 
Hook 12 (11-13; n = 7) 11-12 (n = 13) 11 (10-12; n = 13) 11-12 (n = 10) 
Germarium width 24 (18-30; n = 27) 31 (28-35; n = 6) 27 (23-30; n = 10) 27 (21-32; n = 17) 
Testis 
Length 74 (51-96; n= 25) 132 (112-151; n = 7) 95 (81-124; n = 9) 105 (67-142; n = 18) 
Width 53 (40-76; n = 25) 68 (60-74; n = 7) 54 (43-68; n = 9) 54 (35-80; n = 18) 
measurements of specimens from S. rivulatus follow in brackets those 
from S. luridus. Body 522 (432-614; n = 24) [870 (662-1,064; n = 
9)] long; greatest width 138 (106-179; n = 29) [186 (130-314; n = 
17)] at level of gonads. Cephalic lobes moderately to poorly developed; 
each head organ made up of groupings of terminations of cephalic gland 
ducts. Pharynx subovate, 34 (26-41; n = 27) [41 (36-47; n = 10)] 
wide. Testis 128 (84-170; n = 24) [211 (158-241; n = 8)] long, 59 
(48-87; n = 23) [84 (62-106; n = 8)] wide; seminal vesicle not ob-
served; prostatic reservoirs elongate, delicate, lying dorsal to copulatory 
complex. Copulatory complex 41 (34-50; n = 11) [48 (42-54; n = 5)] 
long; MCO enclosed in heavy sheath with 2 thornlike subterminal pro-
cesses, distally coiled with 2-3 small diminishing rings. Accessory 
piece rod shaped, with 2 distal branches, subbasal flange; I branch 
elongate, tapering to fine point; other branch blunt, short. Germarium 
28 (24-33; n = 14) [32 (28-34; n = 3)] wide, pyriform; vaginal ves-
tibule large, variable, lightly sclerotized; meandering vaginal tube ex-
tending to oviduct; vitellarium dense. Haptor 65 (50-77; n = 22) [68 
(57-81; n = 8)] long, 79 (60-89; n = 19) [94 (85-106; n = 9)] wide; 
dorsal anchor 47 (45-49; n = 5) [47 (43-51; n = 6)] long, base 30 
(27-32; n = 5) [32 (28-34; n = 5)] wide; ventral anchor 45 (42-47; n 
= 5) [48 (46-52; n = 6)] long, base 29 (24-33; n = 5) [31 (28-34; n 
= 5)] wide; dorsal bar 32 (30-34; n = 2) [31 (28-34; n = 4)] long; 
ventral bar 26 (24-28; n = 4) [29 (24-33; n = 6)] long; hook 11-12 
(n = 12) [12 (11-13; n = 16)] long. #' 
Taxonomic summary 
Hosts and locality: Dusky spinefoot, Siganus luridus (Riippell)-
Nabq Bay, Ras Mohammed National Park (South Sinai, Red Sea), 
Egypt (28°02'52"N, 34°26'21 "E), 9 September 2005,23 October 2005. 
Marbled spinefoot, Siganus rivulatus Forsskiil-Nabq Bay, Ras Mo-
hammed National Park (South Sinai, Red Sea), Egypt (28°02'52"N, 
34°26'21 "E), 8 May 2003. 
Site of infestation: Gills. 
Previous records: Siganus luridus-Northwestern Gulf of Eilat (Aq-
aba), Taba and Coral Beach (Red Sea) (Paperna, 1972); 8 km south of 
Eilat (Red Sea), Israel (Diamant and Paperna, 1986); Mediterranean 
Coast of Israel (Diamant and Paperna, 1986); various localities in Med-
iterranean Sea (Diamant, 1989). Siganus rivulatus-Northwestern Gulf 
of Eilat (Aqaba), Taba and Coral Beach (Red Sea); Gulf of Suez near 
Ras abu-Rudeis (Red Sea) (28°57'N, 33°1O'E) (Paperna, 1972); 8 km 
south of Eilat (Red Sea), Israel (Diamant and Paperna, 1986); Mediter-
ranean Coast of Israel (Diamant and Paperna, 1986); Gulf of Eilat, Red 
Sea (Diamant et aI., 1999); various localities in Mediterranean Sea (Dia-
mant, 1989). 
Specimens studied: 42 voucher specimens (from S. luridus), USNPC 
98587,98588,98589,98590,98591, MSNM Pi 3882-3891; 23 voucher 
specimens (from S. rivulatus), USNPC 98592, 98593, MSNM Pi 3873-
3881. 
Remarks 
Paperna (1972) described this species as Pseudohaliotrema plecto-
cirra from the gills of S. luridus and S. rivulatus from the Gulf of 
Aqaba. Although he did not specifically designate a type host or type 
locality for this species, he lists S. luridus from the Gulf of Eilat (Aqaba) 
at Taba first in his list of hosts and localities for this species. We were 
unable to locate the holotype of P. plectocirra, and thus assign S. lur-
idus and the Gulf of Eilat (Aqaba) at Taba as its type host and type 
locality, respectively. 
Without viewing specimens of P. plectocirra, Lim (2002) transferred 
this species to Tetrancistrum based on the presence of "alate anchors, 
a leaf-shaped body and a vas deferens traversing the mid-body to the 
copulatory organ." Although we were unable to trace the course of the 
vas deferens in present specimens, the characters used by Lim (2002) 
to transfer the species do not justify its placement in Tetrancistrum. The 
shape of the anchors of P. plectocirra are different from those of Te-
trancistrum spp., which have ventral anchors with subequal elongate, 
often grooved, superficial, and deep roots and dorsal anchors with an 
elongate grooved deep root and short superficial root. The roots are 
subequal in length in both ventral and dorsal anchors of P. plectocirra 
and are not as large or elongate as those in Tetrancistrum spp. A leaf-
shaped body and an intercecal vas deferens (if accurately described in 
P. plectocirra) are not defining characters of Tetrancistrum, having been 
reported in members of other dactylogyrid genera. Alternatively, Pap-
erna's (1972) original placement of this species in Pseudohaliotrema is 
much more understandable, based primarily on the relative positions of 
the gonads, i.e., germarium lying to right side of the anterior end of the 
testis (gonads tandem, germarium pretesticular in Tetrancistrum spp.). 
The germarium lying to the right of the anterior portion of the testis, 
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as far as we are aware, does not occur in species of any other dactyl-
ogyrid genus. Nonetheless, P. plectocirra is herein transferred to Gly-
phidohaptor n. gen., based on its obvious kinship to G. phractophallus 
n. sp. and G. sigani n. sp., as shown by their similar internal anatomy 
and morphology of the haptor and haptoral armament. 
Paperna recognized 2 different size classes for this species, with the 
larger specimens being found on the gills of S. rivulatus. Similarly, 
specimens of G. plectocirra collected from S. luridus for the present 
study were generally smaller than those from S. rivulatus (see mea-
surements presented in the redescription). It is unlikely that these dif-
ferences are a result of different fixation techniques, and they probably 
reflect environmental influences placed on the parasite by their host 
rather than specific differences in the 2 populations. 
Glyphidohaptor sp. 
Taxonomic summary 
Hosts and locality: Siganus spp., Macassar, Celebes. 
Site of infestation: Gills. 
Specimens studied: 7 + 1 from MPM 22837 and MPM 22839, re-
spectively. 
Remarks 
On 2 slides containing the type specimens of Pseudohaliotrema si-
gani and Pseudohaliotrema sphincteroporus from the Meguro Parasi-
tological Museum (MPM 22837, 22839), we found 8 specimens of a 
species of Glyphidohaptor. These specimens were apparently originally 
stained with hematoxylin, which had subsequently faded from through-
out the specimens except for that lodged in the haptoral armament and 
copulatory complex. Although the specimens are clearly a species of 
Glyphidohaptor based on the morphology of the haptoral armament, we 
were not able to identify them as 1 of the species described above 
because the stain unfortunately masked the morphologic details of the 
copulatory complex. Yamaguti (1953) did not mention the presence of 
these specimens when he described P. (P.) sigani, P. (P.) sphinctero-
porus, and Pseudohaliotrema (Pseudohaliotrematoides) fusiforme (now 
Tetrancistrumfusiforme) from Siganus sp. from Macassar, Celebes. The 
specimens from the 2 slides resemble G. phractophallus by having a 
tubular cirrus enclosed within a sheath; but the accessory piece appears 
to be more complex than that of the latter species. Specific determina-
tion of these specimens, however, will depend on new collections of 
dactylogyrids from siganid hosts from Macassar. 
DISCUSSION 
Spinefoots are known to be parasitized by monogenoids rep-
resenting 3 genera of Dactylogyridae: Tetrancistrum (=Pseu-
dohaliotrematoides), Pseudohaliotrema, and Glyphidohaptor. 
Species of both Pseudohaliotrema (s.s.) and Glyphidohaptor 
seem to be restricted to these fishes (Lim, 2002; nobis), whereas 
Young (1967) described a species of Tetrancistrum on a uni-
cornfish, Naso annulatus (Quoy and Gaimard), Acanthuridae. 
Species of Pseudohaliotrema and Glyphidohaptor also seem to 
be restricted geographically, with those' of the former genus 
limited to the southwestern Pacific (waters of the Great Barrier 
Reef and Sunda Islands) and the latter to areas throughout the 
southwestern Pacific to the Red Sea (excluding the South China 
Sea); Tetrancistrum spp. have been reported from throughout 
the range of their siganid hosts, including the marine waters 
surrounding Japan, India, the southwestern Pacific, the South 
China Sea, and the Red Sea (Goto and Kikuchi, 1917; Young, 
1967; Paperna, 1972; Raju and Rao, 1978; Lim, 2002; nobis). 
Tetrancistrum spp. have not been recorded from Hawaii, but 
morphologically similar species placed in Pseudancyrocephalus 
Yamaguti, 1968, have been described from unicornfishes from 
the Hawaiian Islands (Yamaguti, 1968). Although surveys of 
dactylogyrid parasites of siganids and unicornfishes remain lim-
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ited, known geographic and host distributions of these parasites 
in siganids suggest that these parasites may provide useful mod-
els for studies in biogeography. 
Comprehensive phylogenetic analyses of the 200+ genera 
making up the Dactylogyridae are lacking, but species of Pseu-
dohaliotrema, Tetrancistrum, and Glyphidohaptor seem to be 
fairly closely related. This relationship is supported by the com-
paratively close morphologic similarity of their internal organ 
systems (vagina with a dextromarginal pore, large vaginal ves-
tibule and coiled or meandering vaginal tube; presence of 2 
elongate prostatic reservoirs; and absence of a seminal recep-
tacle and eyespots). The state of the prostatic reservoirs is un-
doubtedly a derived feature within the Dactylogyridae and like-
ly serves as a synapomorphy for the group made up of the 3 
genera. Pseudohaliotrema and Glyphidohaptor apparently are 
sister taxa (based on the germarium lying to the right of the 
anterior portion of the testis), with Tetrancistrum serving as 
sister group for Pseudohaliotrema + Glyphidohaptor. 
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EPIFAUNISTIC ARTHROPOD PARASITES OF THE FOUR-STRIPED MOUSE, 
RHABDOMYS PUMILlO, IN THE WESTERN CAPE PROVINCE, SOUTH AFRICA 
Sonja Matthee, Ivan G. Horak*, Jean-Claude Beaucournut, Lance A. Durden+. Eddie A. Ueckermann§, and 
Melodie A. McGeochl1 
Department of Conservation Ecology and Entomology, Private Bag X1, Stellenbosch University, 7602, South Africa. e-mail: smatthee@sun.ac.za 
ABSTRACT: Flea, lice, mite, and tick species associated with 510 Rhabdomys pumilio were collected at 9 localities in the Western 
Cape Province, South Africa, The aims of the study were first to quantify the species richness, prevalence, and relative mean 
intensity of infestation of epifaunistic arthropod species associated with R. pumilio, and second to determine temporal variations 
in the mean abundance of the parasitic arthropods. Each mouse was examined under a stereoscopic microscope and its parasites 
were removed, identified, and quantified. The epifaunal popUlation was made up of more than 25,000 individuals and included 
8 flea, I sucking louse, 11 mite, and 13 ixodid tick species, Female-biased sex ratios were noted for 9 (30%) of the ectoparasite 
species. Three undescribed mite and I undescribed tick species were recovered, and new locality records for 2 flea, the louse, 
and 2 mite species were documented, A phoretic host association between a nonparasitic mite species, Psylloglyphus uilenbergi 
kivuensis, and 3 flea species, Chiastopsylla rossi, Hypsophthalmus temporis, and Listropsylla agrippinae, was recorded. The 
mean abundance of the parasitic mite and insect species were higher during the cold wet season, whereas ticks were more 
numerous during the warm dry months. The large number of ectoparasite species on R. pumilio, a locally abundant and regionally 
widespread species, is of medical and veterinary importance particularly in relation to the transmission of pathogens such as 
Anaplasma marginale, Babesia caballi, and Babesia canis to domestic animals; Rickettsia conori; Yersinia pestis; and the viral 
disease Crimean-Congo hemorrhagic fever to humans. 
Because of their large numbers, short generation intervals, 
and their capacity for rapid and maintained population growth, 
small mammals play an important role in maintaining ecosys-
tems. It is also evident that the ecology of small mammals is 
partly driven by parasites, which, in some instances, may di-
rectly be responsible for natural population fluctuations 
(Holmes and Price, 1986; Scott, 1987; Hudson et aI., 1998; 
Torchin et al., 2001). The four-striped mouse, Rhabdamys pum-
ilia, is a locally abundant and regionally widespread species 
that occurs endemically throughout southern Africa (De Graaf, 
1981). It has successfully adapted from natural to urbanized 
habitats and may be regarded as a pest species in certain agri-
cultural areas because of frequent population explosions. Rhab-
damys pumilia is a host for several species of parasites, but few 
quantitative data are available for its parasite community (Tip-
ton, 1960; Zumpt, 1961; De Meillon et aI., 1961; Till, 1963; 
Ledger, 1980; De Graaf, 1981; Horak et aI., 1986,2005; Howell 
et al., 1989; Segerman, 1995; Horak and Boomker, 1998; Pet-
ney et aI., 2004). Some of the parasites that infest R. pumilia 
are of importance in the etiology of zoonotic diseases in ho-
mans, and they may be involved in the transmission of diseases 
of domestic and wild animals (Walker, 1991). In addition, a 
survey conducted between 1972 and 1981 of rodent species 
associated with plague in South Africa revealed antibodies to 
the plague bacterium Yersinia pestis in R. pumilia and other 
rodents in the Eastern Cape Province (Shepherd and Leman, 
1983). .' 
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Previous parasitological studies conducted on R. pumilia re-
corded the intensities and prevalence of ixodid ticks at several 
localities throughout South Africa, including 1 locality in the 
Western Cape (WC) Province (Rechav, 1982; Horak et aI., 
1986, 2005; Howell et aI., 1989; Horak and Boomker, 1998; 
Petney et al., 2004). Most of these studies were conducted at a 
single locality and involved monthly or bimonthly sampling of 
less than 9 mice per mo (Rechav, 1982; Horak et aI., 1986; 
Howell et al., 1989; Petney et al., 2004), whereas 1 study in-
volved a single annual sampling of a total of 25 mice over a 
lO-yr time period (Horak and Boomker, 1998). Temporal vari-
ation in the intensities of infestation of some tick species was 
recorded in 2 studies conducted in the Eastern Cape Province 
(Rechav, 1982; Petney et al., 2004). The number of tick species 
collected during these studies ranged between 1 and 8, and spe-
cies composition differed among geographic regions (Horak et 
al., 1986, 2005; Howell et aI., 1989; Petney et aI., 2004). Be-
tween 3 and 6 species were recovered at 1 locality in the WC 
(Horak et aI., 1986; Horak and Boomker, 1998),4 and 6 species 
at 2 localities in the Eastern Cape Province (Howell et aI., 1989; 
Petney et aI., 2004), and 8 tick species in Free State Province 
(Horak et aI., 2005). However, the accuracy of the species rep-
resentation for the particular geographic region determined by 
these studies may be confounded by variations in the sample 
effort as 25 or fewer mice were examined in most of them 
(Walther et al., 1995; Poulin and Morand, 2004). 
Little is known about the diversity of ectoparasites, especially 
of fleas, lice, and mites, associated with small mammals in the 
WC. This region encompasses the Cape Floristic Region (CFR), 
which, because of its high level of plant diversity and ende-
mism, is a global biodiversity hot spot (Myers et al., 2000). It 
has been suggested that much of the diversity and endemism 
associated with this region is due to a heterogeneous topogra-
phy exposed to cyclic changes during the Pleistocene (Midgley 
et aI., 2005). The rich floral components also support a mag-
nitude of diverse fauna (Picker and Samways, 1996). However, 
the likelihood of whether the high plant diversity in this region 
is mirrored by a high invertebrate diversity, particularly of ec-
toparasites, has received little attention (Picker and Samways, 
1996). 
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TABLE 1. Locality information and number of Rhabdamys pumilia (n = 510) examined in the Western Cape Province, South Africa, 2003-2004. 
Locality GPS* No. of sites Sample size Sample date 
Nature reserves 
Hottentotsholland 34.05308 S, 19.18311 E 5 42 26 Nov. 2003 
Jonkershoek 33.98798 S, 18.95541 E 4 41 4 Sept. 2004 
Riverlands 33.29272 S, 18.34436 E 4 24 13 Sept. 2004 
Helderberg 34.05678 S, 18.86751 E 3 50 8 Dec. 2003 
Elandsberg Res 33.44032 S; 19.05064 E 3 98 16 Feb. 2004 
(41, 16, 9, 32)t 1 June 2004 
7 Sept. 2004 
29 Nov. 2004 
Agricultural areas 
De Rust 34.17366 S, 19.90833 E 5 51 8 Oct. 2003 
Zevenwacht 33.91749 S, 18.73224 E 3 43 3 Nov. 2004 
Cordoba 34.03428 S, 18.84764 E 2 57 6 Nov. 2004 
Elandsberg Agr 33.44794 S; 19.02741 E 3 104 16 Feb. 2004 
(46, 24, 8, 26)t 1 June 2004 
7 Sept. 2004 
29 Nov. 2004 
* GPS = global positioning system. 
t Number of R. pumilio sampled during February, June, September, and December 2004, respectively. 
Using R. pumilia as a model entity, the first aim of this study 
was to quantify the species richness, prevalence, and relative 
mean intensity of infestation of epifaunistic arthropod species 
on a small mammal species in the WC. By sampling a large 
number of host individuals from 9 localities, we hoped to ex-
pand the current knowledge of ectoparasites of mammals in the 
CPR and to provide a comprehensive list of the epifaunistic 
arthropod fauna occurring on R. pumilia. The species list also 
will supply information on the importance of R. pumilia as a 
host of ectoparasite taxa of veterinary and medical importance. 
As a second aim, we wanted to provide data on temporal var-
iation in the mean abundance of the ectoparasitic taxa associ-
ated with R. pumilia in the We. The latter aim not only will 
give a better understanding of the dynamics of particular ec-
toparasite species in this region but also will contribute baseline 
information toward selecting appropriate sampling periods to 
address macroecological and parasite community ecology ques-
tions. 
MATERIALS AND METHODS 
The project was approved and permits were issued by the Ethical 
Committee of the University of Stellenbosch and the Western Cape 
Nature Conservation Board, respectiv~ly. Rhabdamys pumilia were 
trapped at 9 localities in the WC (a winter rainfall region). The localities 
included 5 pristine lowland FynboslRenosterveld regions and 4 border-
ing agricultural areas (Table I). The localities all lay within a 200-km 
radius. All were approximately 400 m above sea level, and various 
antelope and small mammal species were associated with each. Live 
traps (Sherman-type) with peanut butter and oat bait were used to trap 
between 24 and 57 mice per locality during October to December 
(spring and summer months; generally dry and warm conditions) in 
2003 and 2004 (Table I). The aim was to trap 40-60 mice in the shortest 
time possible at each of the localities. Adult mice (mass> 40 g) were 
mainly sampled during this trapping period. In addition, seasonal trap-
ping of R. pumilia was conducted over 8 trap nights (l trap night equals 
a 12-hr period) every 3-4 mo (February, June, September, and Decem-
ber) at 2 adjacent localities within proximity to each other (Table I). 
The traps were checked daily during each trapping period. 
Once trapped, the animals were identified and either killed with Flu-
othane (for R. pumilia) or released at the trap site (any nontarget spe-
cies). Each mouse was individually placed in a premarked plastic bag 
and frozen for later examination. The entire thawed animal was system-
atically examined under a stereoscopic microscope by using forceps to 
remove ectoparasites. All fleas, lice, mites, and ticks were collected; 
identified to species, where possible; and counted. Adult ticks were 
collected from vegetation, from clothes of researchers, or from resident 
domestic dogs at some of the study sites. 
The use of the terms prevalence (the number of hosts infected with 
1 or more individuals of a particular parasite species divided by the 
number of hosts examined for that parasite species), relative mean in-
tensity (a standardized comparison of the average intensity of each of 
the several species in the host sample), and species richness (the number 
of species present in a collection) follows the definitions as outlined in 
Bush et al. (1997). 
RESULTS 
Although the aim was to trap 40 or more R. pumilia at each 
of the 9 localities, this number was unfortunately not possible 
to achieve at Riverlands, where we only managed to trap 24 
mice during a 4-wk trapping period (Table I). Rhabdamys pum-
ilia populations are well known to show a strong seasonal fluc-
tuation in the WC (David and Jarvis, 1985). This fluctuation 
was evident in the host density records for the 2 Elandsberg 
localities, with the population reaching its trough in September 
followed by a summer peak (December-February; Table II), in 
agreement with David and Jarvis (1985). Therefore, the host 
density fluctuation pattern recorded here is considered to be a 
seasonal effect and not a consequence of trapping without re-
placement. In total, 33 ectoparasite species (representing 17 
genera) were collected from 510 R. pumilia in the WC (Table 
II). Of these 510 individuals, 317 were reproductively active 
adults (187 males, 130 females), and 193 were reproductively 
nonactive adults (98 males, 95 females). The number of tick 
species recovered represents 39.4% of the total ectoparasite spe-
cies composition, followed by the mites (33.3%), fleas (24.2%), 
and the sucking louse (3.1 %). Ticks represented 77.7% of the 
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TABLE II. Epifaunistic arthropod species list for 510 Rhabdomys pumilio in the Western Cape Province, South Africa, 2003-2004. 
Fleas 
Louse 
Mites 
Ticks 
Order 
Siphonaptera 
Phthiraptera 
Parasitiforrnes 
Acariforrnes 
Parasitiformes 
Suborder 
Anoplura 
Mesostigmata 
Astigmata 
Ixodida 
Family/subfamily 
Chimaeropsyllidae 
Chiastopsyllinae 
Chimaeropsyllinae 
Ctenophthalmidae 
Dinopsyllinae 
Hystrichopsyllidae 
Listropsyllinae 
Pulicidae 
Xenopsyllinae 
Polyplacidae 
Laelaptidae 
Laelaptinae 
Macrochelidae 
Macronyssidae 
Trombiculidae 
Winterschmidtiidae 
Ixodidae 
Amblyomminae 
Haemaphysalinae 
Hyalomminae 
Ixodinae 
Rhipicephalinae 
total number of ectoparasites collected followed by the sucking 
louse (12.4%), mites (7.4%), and fleas (2.5%) (Table III). 
Eight flea species belonging to 5 genera were recovered (Ta-
ble II). Chiastopsylla rossi was the most numerous flea species 
and was present on 27.5% of the mice. Listropsylla agrippinae 
was the second most numerous flea followed by Hypsophthal-
mus temporis. Female-biased sex ratios were recorded for these 
3 species (Table III). 
Polyplax arvicanthis was the only louse species recovered 
and was present on approximately 60.0% of mice (Tables II, 
III). Nymphs (instars I, II, and III combined) were the most 
numerous life stage, and the number of female lice exceeded 
that of the males (Table III). 
Eleven mite species representing 6 genera were recovered 
(Table II). Of these species, Androlaelaps Jahrenholzi was the 
most numerous and was present on 50.2% of R. pumilio. Lae-
laps giganteus was the second most numerous mite. In addition, 
3 undescribed mite species were recorded, Androlaelaps sp., 
Laelaps sp. near tillae, and a Laelaps sp. The latter species was 
Species 
Chiastopsylla numae (Rothschild, 1904) 
C. rossi (Waters ton, 1909) 
Hypsophthalmus temporis (DeMeillon, 1940) 
Dinopsyllus ellobius (Rothschild, 1905) 
D. lypusus (Jordan & Rothschild, 1913) 
D. tenax (Jordan, 1930) 
Listropsylla agrippinae (Rothschild, 1904) 
Xenopsylla hirsuta group 
Polyplax arvicanthis (Bedford, 1919) 
Androlaelaps dasymys (Radford, 1939) 
A. Jahrenholzi (Beriese, 1911) 
Androlaelaps sp. 
Laelaps giganteus (Beriese, 1918) 
Laelaps sp. near tillae (Taufflieb, 1959) 
Laelaps sp. 
L. paraspinosa (Tipton, 1960) 
Macrocheles sp. 
Ornithonyssus bacoti (Hirst, 1913) 
Uncertain genus (1 specimen) 
Psylloglyphus uilenbergi kivuensis (Fain & Beaucournu, 1976) 
Amblyomma sylvaticum (De Geer, 1778) 
Haemaphysalis aciculifer (Warburton, 1913) 
H. leachi (Audouin, 1827) 
Hyalomma truncatum (Koch, 1844) 
Ixodes alluaudi (Neumann, 1913) 
I. bakeri (Arthur & Clifford, 1961) 
I. rubicundus (Neumann, 1904) 
Ixodes sp. 
Rhipicephalus capensis (Koch, 1844) 
R. Jollis (D5nitz, 1910) 
R. gertrudae group 
R. lounsburyi (Walker, 1990) 
R. simus (Koch, 1844) 
the third most numerous mite. The 3 new species will be de-
scribed in a separate publication. An unidentified trombiculid 
(chigger) larva was found on I mouse. In addition, chigger 
larvae also were present on a few mice, specifically anterodor-
sally on the body near the base of the tail. Unfortunately, the 
intensity of infestation and prevalence of these mites were not 
recorded. A nonparasitic predatory mite, Macrocheles sp. and 
a winterschmidtiid mite, Psylloglyphus uilenbergi kivuensis, 
also were present. The mite P. u. kivuensis was phoretically 
associated with 3 flea species (c. rossi, H. temporis, and L. 
agrippinae) collected from 6 mice. Female-biased sex ratios 
were recorded for all mite species represented by more than 20 
individuals. 
Thirteen ixodid tick species, representing 5 genera, were re-
covered from the mice (Table II). Ticks of the Rhipicephalus 
gertrudae group were the most numerous and prevalent (82.2%; 
Table III). Similar numbers of Haemaphysalis leachi, Hyalom-
ma truncatum, and Ixodes bakeri were recovered, whereas the 
prevalence on the rodents of H. leachi, H. truncatum, and the 
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TABLE III. Fleas, lice, mites, and ticks recovered from 510 Rhabdomys pumilio in the Western Cape Province, South Africa, 2003-2004. Proportions 
for higher parasite taxa are indicated in bold. 
Ectoparasite species Larvae (%) Nymphs (%) 
Fleas 
Chiastopsylla numae 
Chiastopsylla rossi 
Dinopsyllus ellobius 
Dinopsyllus lypusus 
Dinopsyllus tenax 
Hypsophthalmus temporis 
Listropsylla agrippinae 
Xenopsylla hirsuta spp. 
Louse 
Polyplax arvicanthis 0 45.30 
Mites 0.05 10.63 
Androlaelaps dasymys 0 23.08 
Androlaelaps Jahrenholzi 0 17.45 
Androlaelaps sp. 0 28.57 
Laelaps sp. near tillae 0 2.13 
Laelaps giganteus 0 0.15 
Laela'ps paraspinosa 0 0 
Laelaps sp. 0 0.96 
Ornithonyssus bacoti 0 0 
Macrocheles sp. 0 0 
Trombiculidae sp. 100 0 
Psylloglyphus uilenbergi kivuensis 0 100 
Ticks 91.42 8.30 
Amblyomma sylvaticum 100 0 
Haemaphysalis aciculifer 97.60 2.40 
Haemaphysalis leachi 93.21 6.79 
Hyalomma truncatum 80.20 19.80 
Ixodes alluaudi 27.27 27.27 
Ixodes bakeri 75.65 20.81 
Ixodes rubicundus 100 0 
Ixodes sp. 78.45 21.46 
Rhipicephalus gertrudae group 95.24 4.76 
Rhipicephalus lounsburyi 0 100 
TABLE N. Adult ticks collected from vegetation, human clothing, dogs, 
a shrew, and a tortoise at the study sites. 
A' No. of adult ticks collected 
Tick species Males Females Total 
Amblyomma marmoreum 0 
Amblyomma sylvaticum 10 11 
Haemaphysalis aciculifer 5 6 
Hemaphysalis leachi 77 129 206 
Hyalomma truncatum 0 
Ixodes alluaudi 0 1 
Ixodes pilosus group 8 52 60 
Ixodes rubicundus 5 28 33 
Rhipicephalus gertrudae 427 489 916 
Rhipicephalus lounsburyi 2 1 3 
Total 534 704 1,238 
Sex ratio Relative mean 
Adults (%) (O':'jl) intensity (%) Prevalence (%) 
100 1:1.37 2.47 46.7 
100 1: 1 0.01 0.2 
100 1:1.27 1.15 27.5 
100 1:1.09 0.09 4.5 
100 1:0.75 0.03 1.0 
100 1:0.53 0.11 4.5 
100 1:2.40 0.46 15.5 
100 1: 1.31 0.62 17.8 
100 0:3 0.01 0.4 
54.70 1:1.37 12.43 59.2 
89.32 1:12.14 7.40 68.2 
76.92 1:11 0.3 8.4 
82.55 1:8.14 3.75 50.2 
71.43 1:14 0.08 1.4 
97.87 1:22 0.18 5.9 
99.85 1:128.80 2.5 38.4 
100 0:1 0.004 0.2 
99.04 1:50.50 0.4 2.6 
100 0:2 0.01 0.2 
100 0:1 0.004 0.2 
0 0.004 0.2 
0 0.01 1.2 
0.27 1:26.50 77.70 90 
0 0 0.01 0.2 
0 0 0.01 11.0 
0 0 6.23 31.4 
0 0 6.04 26.5 
45.45 0:5 0.04 1.8 
3.54 1:23.50 5.32 43.0 
0 0 0.02 0.4 
0.09 0:1 4.32 32.4 
0 0 54.45 82.2 
0 0 0.17 4.7 
immature stages of an undescribed Ixodes species was similar 
(26.5-32.4%). Larvae were the most numerous of the life stages 
collected (91.4%), followed by nymphs (8.3%). In total, 1,238 
adult ticks belonging to 10 species, were collected from the 
vegetation, researchers' clothing, domestic dogs, an angulate 
tortoise, and a shrew at the study sites (Table IV). Of these, 
ticks of the R. gertrudae group, followed by H. leachi and ticks 
of the Ixodes pilosus group, were the most numerous. 
The seasonal mean abundance and prevalence of 7 fleas 
(Chiastopsylla numae, C. rossi, Dinopsyllus ellobius, Dinop-
syllus lypusus, Dinopsyllus tenax, L. agrippinae, and Xenop-
sylla hirsuta group), the single louse (P. arvicanthis), 7 mites 
(Androlaelaps dasymys, A. Jahrenholzi, Androlaelaps sp., Lae-
laps sp near tillae, L. giganteus, Laelaps sp., and Ornithonyssus 
bacoti), and 5 tick species (Haemaphysalis aciculifer, H. leachi, 
H. truncatum, I. bakeri, and Ixodes rubicundus) were recorded 
on R. pumilio at 2 of the 9 localities. Because of the proximity 
«2 km) and high similarity observed in the patterns of parasite 
seasonality between the localities, the temporal data for the 2 
localities were combined (there were no significant differences, 
P > 0.05, in the mean abundances of 85% of the parasite spe-
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FIGURE 1. Temporal variation of the flea Chiastopsylla rossi (A); the sucking louse, Polyplax arvicanthis (B); 2 mites, Androlaelaps Jahrenholzi 
(C) and Laelaps giganteus (D); and 2 ticks, Haemaphysalis lea chi (E) and Hyalomma truncatum (F), collected from Rhabdomys pumilio in the 
Western Cape Province, South Africa, 2003-2004. Data from 2 loc:rlities (Elandsberg Reserve and Elandsberg Agriculture) are combined. Mean 
abundance for each parasite species is expressed as the total number of individuals of a particular parasite species collected in a sampling month 
divided by the total number of mice recorded for the month (sample sizes for February, June, September, and December were 87, 40, 17, and 
58, respectively). Standard errors are included. 
cies between localities within seasons). In general, it seems as 
if infestation with the flea, louse, and 11lite species was more 
intense during the cooler and wetter winter and spring months. 
This relationship was evident for the 2 most numerous flea spe-
cies, C. rossi and L. agrippinae (c. rossi presented in Fig. lA), 
the louse P. arvicanthis (Fig. IB), and the 2 most numerous 
mite species, A. Jahrenholzi and L. giganteus (Fig. Ie, D). 
Nymphs of 3 mite species (A. dasymys, A. Jahrenholzi, and 
Androlaelaps sp.) were present during the wet and cooler 
months and absent during the dry and warmer months. The 
undescribed species of Laelaps was only present during spring 
(September). The remaining flea and mite species (all present 
in small numbers) did not show any clear seasonal pattern. In 
contrast to the above-mentioned taxa, the mean abundance of 
H. leachi, 1 of the 2 most frequently collected tick species, 
increased in spring and then peaked in early summer (Fig. IE). 
High mean abundance was recorded for H. truncatum during 
the early and late summer sampling periods (Fig. 1 F). 
DISCUSSION 
The present study has yielded an extensive list of epifaunistic 
arthropod species, including obligate ectoparasites and phoret-
ically associated species, on R. pumilio in the We. It is gen-
erally accepted that parasite species richness increases with the 
number of hosts examined (Walther et aI., 1995; Feliu et aI., 
1997; Poulin and Morand, 2004). It, therefore, seems likely that 
the ectoparasite species richness currently recorded can be at-
tributed to the considerable sampling effort and its intensity 
(many host individuals at several independent localities within 
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TABLE V. Checklist of ectoparasite species recorded on Rhabdomys pumilio in South Africa. Locality information is provided where available. 
Epifaunistic arthropod species 
Fleas 
Chiastopsylla numaet 
Chiastopsylla rossi 
Chiastopsylla capensis 
Chiastopsylla carus 
Chiastopsylla coraxis 
Chiastopsylla godJreyi 
Chiastopsylla mulleri 
Chiastopsylla pitchJordi 
Ctenocephalides connatus 
Ctenocephalides craterus 
Ctenophthalmus calceatus 
Ctenophthalmus cophurus 
Ctenophthalmus eumeces 
Ctenophthalmus singularis 
Ctenophthalmus stenurus 
Ctenophthalmus verutus 
Dinopsyllus abaris 
Dinopsyllus echinus 
Dinopsyllus ellobius 
Dinopsyllus longifrons 
Dinopsyllus lypusust 
Dinopsyllus tenax 
Epirimia aganippes 
Echidnophaga gallinacean 
Hypsophthalmus temporis 
Leptopsylla segnis 
Listropsylla agrippinae 
Listropsylla basilewskyi 
Listropsylla cerrita 
Listropsylla chelura 
Listropsylla dorippae 
Listropsylla prominens 
Nosopsyllus incisus 
Pulex irritans 
Xenopsylla brasiliensis 
Xenopsylla eridos 
Xenopsylla hirsuta 
Xenopsylla hirsuta spp. t 
Xenopsylla mulleri 
Xenopsylla philoxera 
Xenopsylla piriei 
Xenopsylla versuta 
Lice 
Polyplax arvicanthis 
Mites 
Androlaelaps dasymys 
Androlaelaps Jahrenholzi 
Androlaelaps marshalli 
Androlaelaps sp. 
Euschoengastia alticola 
Euschoengastia rhabdomyia 
Haemolaelaps rhabdomys 
Laelaps sp. near tillae 
Laelaps giganteus 
Laelaps lamborni 
Laelaps muricola 
Laelaps paraspinosat 
Laelaps peregrinus 
WC 
WC 
WC 
WC 
n.a.* 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
WC 
n.a. 
WC 
WC 
n.a. 
n.a. 
WC 
n.a. 
WC 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
n.a. 
WC 
n.a. 
n.a. 
n.a. 
n.a. 
WC1,2 
GI, WC2 
n.a. 
WC 
KZN 
KZN 
G 
WC 
Province 
ECI, FSI, GI, KZNI, L', MI, NCI, 
NWI,WC2 
n.a. 
EC,KZN 
WC 
M 
Reference 
Present study 
Present study 
Haeselbarth et al., 1966 
Haeselbarth et al., 1966 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Present study 
Segerman, 1995 
Present study 
Present study 
Segerman, 1995 
Segerman, 1995 
Present study 
Segerman, 1995 
Present study 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Present study 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
Segerman, 1995 
IPresent study; Ledger, 1980 
I Zumpt, 1961; 2Present study 
IZumpt collection:j:; 2Present study 
Zumpt, 1961 
Present study 
Zumpt 1961 
Zumpt 1961 
Zumpt 1961 
Present study 
IZumpt collection:j:; 2Present study 
Zumpt 1961 
Zumpt 1961 
Present study 
Zumpt 1961 
TABLE V. Continued. 
Epifaunistic arthropod species 
Laelaps transvaalensis 
Laelaps sp. 
Listrophoroides mastomys 
Macronyssus roseinnesi 
Ornithonyssus bacoti 
Trichoecius hollidayi 
Trombiculidae sp. 
Ticks 
Amblyomma hebraeum 
Amblyomma sylvaticumt 
Haemaphysalis aciculifer 
Haemaphysalis leachi 
Hyalomma rufipest 
Hyalomma marginatum 
Hyalomma truncatum 
Ixodes alluaudi 
Ixodes bakeri 
Ixodes rubicundus 
Ixodes sp. a 
Ixodes sp. b 
Ixodes sp. n. near pilosus 
Margaropus winthemi 
Ornithodorus zumpti 
Rhipicephalus appendiculatust 
Rhipicephalus arnoldit 
Rhipicephalus follis 
Rhipicephalus gertrudae group 
Rhipicephalus glabroscutatum 
Rhipicephalus lounsburyi 
Rhipicephalus simus 
Rhipicephalus tricuspist 
Rhipicephalus sp. a 
Rhipicephalus sp. b 
EC,M 
WC 
KZN 
WC 
WC 
KZN 
WC 
ECI,2 
WC 
WCI,2 
Province 
ECI.2, FS3,WC4,5,6 
n.a. 
FS 
FSI, WC2,3 
WC 
WC 
WC 
WC 
FS 
WC 
FS 
n.a. 
n.a. 
n.a. 
ECI,2 
FSI, WC2,3 
WC 
FSI, WC2,3 
ECI,2 
n.a. 
FS 
WC 
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Reference 
Zumpt 1961 
Present study 
Zumpt 1961 
Zumpt 1961 
Present study 
Zumpt 1961 
Present study 
IHowell et aI., 1989; 2Petney et aI., 2004 
Present study 
IHorak and Boomker, 1998; 2Present study 
lHowell et aI., 1989; 2Petney et aI., 2004; 3Horak 
et aI., 2005; 4Horak et aI., 1986; 5Horak and 
Boomker, 1998; 6Present study; 
Theiler, 1962 
Horak et aI., 2005 
'Horak et aI., 2005; 2Horak and Boomker, 1998; 
3Present study 
Present study 
Present study 
Present study 
Present study 
Horak et aI., 2005 
Horak and Boomker, 1998 
Horak et aI., 2005 
Theiler, 1962 
Theiler, 1962 
Theiler, 1962 
IHowell et aI., 1989; 2Petney et aI., 2004 
IHorak et aI., 2005; 2Horak and Boomker, 1998; 
3Present study 
Horak et ai" 1986 
IHorak et aI., 2005; 2Horak and Boomker, 1998; 
3Present study 
IHowell et aI., 1989; 2Petney et aI., 2004 
Theiler, 1962 
Horak et aI., 2005 
Horak et aI., 1986 
EC = Eastern Cape Province, FS = Free State Province, G = Gauteng Province, KZN = KwaZulu-Natal Province, L = Limpopo Province, M = Mpumalanga 
Province, NC = Northern Cape Province, NW = North-West Province, WC '" Western Cape Province. 
* The exact locality data for the presence of the ectoparasite species on R. pumilia is not available (n.a.). 
* Information from Zumpt Collection, part of Mite Collection of Plant Protection Research Institute, Pretoria (E.A. Ueckermann, pers. comm.). 
t Accidental infestation. 
a single geographic region). In addition, the habitat heteroge-
neity of the we (Midgley et al., 2005) and the inclusion of 
both pristine areas and areas bordering agricultural activities 
may have contributed to species richness. Most of the ectopar-
asite species that we recovered have previously been reported 
on R. pumilio in the we and South Africa (Table V) (Tipton, 
1960; Zumpt, 1961; De Meillon et al., 1961; Theiler, 1962; Till, 
1963; Ledger, 1980; De Graaf, 1981; Horak et al., 1986,2005; 
Howell et aI., 1989; Segerman, 1995; Horak and Boomker, 
1998; Petney et al., 2004). However, this study makes a valu-
able contribution in terms of 3 undescribed mite species (sub-
family Laelapinae) and 1 tick species (Ixodes sp.), new locality 
records for 2 flea species (c. numae and D. Zypusus; Segerman, 
1995), for the sucking louse (P. arvicanthis), a laelapid mite 
(LaeZaps paraspinosa Tipton, 1960), and for the nonparasitic 
mite P. u. kivuensis, for which new phoretic host associations 
also were recorded (Fain and Beaucournu, 1993). 
Several of the more numerous ectoparasite species displayed 
a strong host-female bias. On-host female-biased sex ratios are 
common among ectoparasitic insects such as fleas and lice 
(Askew, 1971; Marshall, 1981). Marshall (1981) noted that fe-
male bias occurred in 70 and 78% of collections that included 
17 species of Anoplura (sucking lice) and 108 species of Si-
phonaptera (fleas), respectively. In addition, several studies on 
small mammals in South Africa have noted a similar pattern 
for fleas (Horak and Fourie, 1986; Louw et aI., 1993, 1995; 
Beaucournu et aI., 2003). It has been suggested that this im-
balance is due to the shorter male life span than that of the 
female, mainly because of a higher level of activity, smaller 
size, more time spent off the host, and a greater sensitivity of 
• 
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these male parasites to microclimatic conditions (Marshall, 
1981; Krasnov, Burdelova et aI., 2002; Krasnov, Khokhlova et 
aI., 2002). Parthenogenetic reproduction and subsequent female 
bias seems to be common among certain members of another 
group of ectoparasites, the mammal-infesting ischnoceran lice 
(Marshall, 1981). Female bias was also present in the mites and 
in the tick I. bakeri in the present study, The female bias in 
mites seems to be related to the specific genetic reproductive 
system of the species. Haplodiploidy (males and females that 
are somatically haploid and diploid, respectively) and arrhe-
notoky (a haplodiploid system in which males are produced 
parthenogenetically but females are biparental) seem to be com-
mon in laelapid mites, and both these systems are often accom-
panied by a strong female bias (Norton et aI., 1993). The female 
bias in 1. bakeri in this study is comparable with that in several 
other members of this genus, and Fourie and Horak (1994) and 
Horak and Boomker (1998) have recorded similar patterns for 
I. rubicundus and Ixodes sp. (near I. pilosus), respectively. 
Within Ixodes, there are nidicolous species that live in or close 
to caves, burrows, and the nests of their hosts (Sonenshine, 
1993). Male nidicolous ticks spend less time on the host, and 
it seems that, for several of these species, copulation takes place 
in or near the host nest (Sonenshine, 1993; Kiszewski et aI., 
2001). It would, however, seem that copulation also takes place 
off the host in some non-nidicolous species, such as 1. rubicun-
dus and that few males of such species attach to hosts (Fourie 
and Horak, 1994). 
Eight flea species representing 5 genera were recorded in the 
present study. These species are largely restricted to South Af-
rica, and 7 of these species have previously been recorded in 
the WC (Segerman, 1995). Two members of Chiastopsylla were 
present, namely, C. numae and C. rossi. Chiastopsylla numae 
is host specific to Brants' whistling rat, Parotomys brantsii, and 
its distribution coincides with this rat's distribution (mainly the 
Karoo area) in South Africa (Segerman, 1995). Its presence on 
R. pumilio represents an accidental infestation. In contrast, C. 
rossi was present in large numbers and on more than 20% of 
the host population. This flea is a generalist with a broad host 
preference that includes R. pumilio; the vlei rat, Otomys irro-
ratus; the bush karoo rat, Otomys unisulcatus; and the common 
highveld gerbil, Tatera brantsii (Segerman, 1995). Three spe-
cies of Dinopsylius were recovered. Two of these species, D. 
ellobius and D. tenax, have previously been recorded on R. 
pumilio and in the WC (Segerman, 1995). In addition to para-
sitizing R. pumilio, both fleas infest other small mammals such 
as gerbils (Tatera sp.), vlei rats (Otomys sp.), and the Natal 
multimammate mouse (Mastomys natalensis). The third species 
in this genus, D. lypusus, is colloqul~lly known as the tropical 
flea, mainly because of its preference for the more tropical areas 
of southern Africa (Segerman, 1995). In South Africa, it is re-
stricted to the northern, more tropical, regions of the country 
with its most southern distribution recorded as KwaZulu-Natal 
(Segerman, 1995). This species seems to favor various small 
mammal species, particularly M. natalensis and the red veld rat 
(Aethomys chrysophilus). Its low relative mean intensity of in-
festation on R. pumilio indicates an accidental infestation, but 
the presence of both male and female fleas at 3 localities (2-3 
individuals per locality) in the WC supports a new locality rec-
ord for the species. The presence of D. lypusus in the WC may 
be due to host switching between sympatric host species (M. 
natalensis and the multimammate mouse, Mastomys coucha) 
followed by a recent south-westward range expansion by M. 
coucha into the WC (Venturi et aI., 2004; Avery et aI., 2005). 
Listropsylla agrippinae and H. tempori were the second and 
third most numerous flea species, respectively, on R. pumilio. 
In addition to parasitizing R. pumilio, both species also infest 
Otomys species (0. irroratus by the former, and O. unisulcatus 
by the latter; Segerman, 1995). The presence of 3 female fleas 
belonging to the X. hirsuta group can be seen as an accidental 
infestation, and it is likely that these females belong to the 
hirsuta subgroup within the hirsuta group. The Cape gerbil (Ta-
tera afra) has been listed as the only true host of fleas of the 
hirsuta subgroup (Segerman, 1995), which probably explains 
the low relative mean intensity of infestation and prevalence on 
R. pumilio in the present study, Although the flea species col-
lected in our study do not bite humans, they have the potential 
to act as enzootic rodent-to-rodent vectors of Y. pestis, the bac-
terium responsible for plague, and they thereby facilitate the 
survival of foci of plague in nonanthropic areas (De Meillon et 
aI., 1961). Little, if anything, is known of the importance of the 
flea species recovered in the present study as intermediate hosts 
of cestodes and filarial worms in South Africa. Certain flea 
species (e.g., Ctenocephalides canis, Ctenocephalides felis, 
Nosopsyllus fasciatus, and X. cheopis) can, however, act as in-
termediate hosts for some of the cestodes that infest dogs, cats, 
and rats (Roberts and Janovy, 2000). 
The sucking louse, P. arvicanthis, was the only louse species 
present on R, pumilio. It occurred at high intensities of infes-
tation and was present on approximately 60% of mice exam-
ined. Ledger (1980) records R. pumilio as the preferred host for 
this louse. Although lice have been collected from R. pumilio 
in the WC and at other localities by Horak et ai. (1986, 2005), 
Horak and Boomker (1998), and Petney et ai. (2004), their spe-
cific identities were not recorded. The present survey is, there-
fore, the first empirical study that provides data on the relative 
mean intensity of infestation, prevalence, and temporal varia-
tion of P. arvicanthis on R. pumilio in the WC. 
Studies on the mite species that infest wild hosts in southern 
Africa are limited and several are mainly taxonomic in nature 
(Tipton, 1960; Zumpt, 1961; Till, 1963; Louw et aI., 1995; An-
derson and Kok, 2003). The study by Braack et ai. (1996) in-
cludes an extensive list of parasitic and phoretic-associated mite 
species (> 13 species) that occur on the red veld rat and the 
bush veld gerbil (Tatera leucogaster) in the northeastern sum-
mer rainfall region of South Africa. The results of the latter 
study and the present study are comparable in that host animals 
were examined under a stereoscopic dissecting microscope, and 
all the ectoparasites were collected. In the present study, 11 
mite species (including 2 nonparasitic species) were recovered. 
Although mites were collected from R. pumilio examined by 
Horak et aI. (1986), Horak and Boomker (1998), Petney et ai. 
(2004), and Horak et aI. (2005), the species recovered were not 
identified to species. 
Most of the mites recovered in the present study (A. dasymys, 
A. fahrenholzi, L. giganteus, L. paraspinosa, and O. bacoti) 
seem to have wide host preferences that include rodents and 
insectivores, and also wide geographic distributions in southern 
Africa and Africa or beyond (e.g., A. fahrenholzi) (Tipton, 
1960; Zumpt, 1961; Till, 1963), In our study, A. fahrenholzi 
was the most numerous mite followed by L. giganteus. The 
latter species is a large mite (female length 1,274 ± 24.12 /-Lm) 
and is generally present posterodorsally near the base of the tail 
(Braack et aI., 1996). The collection of a single L. paraspinosa 
is probably due to accidental infestation. Nevertheless, it seems 
as if this is the first record of this species on R. pumilio as well 
as in the WC. Previous records list the vlei rat as the most 
common host, and the most southern distribution is noted as 
the Eastern Cape Province (Tipton, 1960). Three undescribed 
species also were recovered, namely, Androlaelaps sp., LaeZaps 
sp. near tillae, and a LaeZaps sp. The tropical rat mite, O. bac-
oti, that was also present, is an intermediate host of filarial 
worms, Litomosoides carinii, in some New World rodents. Un-
der laboratory conditions, it also can transmit Rickettsia typhi 
(murine typhus), R. akari (human rickettsial pox), Coxiella bur-
netii (Q fever), Y. pestis (plague), Trypanosoma cruzi (Chagas' 
disease), and coxsackie virus (Baker, 1999), but it is not known 
whether this mite is a vector of any of these pathogens in na-
ture. The larvae of trombiculid mites (Trombiculidae) are par-
asitic and can cause chigger dermatitis, and they act as vectors 
of the agent of scrub typhus in humans in some Old World 
tropical areas such as southeastern Asia and the Pacific region 
(Roberts and Janovy, 2000). A recent case study of chigger 
dermatitis on dogs and a child in Free State Province seems to 
be the first formal report in South Africa (Heyne et ai., 2001). 
Two nonparasitic mite species were collected, MacrocheZes 
sp. and P. u. kivuensis (Fain and Beaucournu, 1976). The for-
mer species is generally associated with decaying matter in soil, 
humus, forest litter, moss, dung, hay, rotting stumps, and also 
nests of rodents, birds, mammals, and bumblebees. The mites 
are often phoretic on insects such as flies, beetles, and bees 
(Krantz, 1962). Phoresy is a relationship between 2 species in 
which 1 species attaches itself to the other species, usually for 
the purpose of transport between hosts or nests (Askew, 1971). 
Phoretic associations seem to be common between heteromor-
phic deutonymphs of certain mites and members of the Si-
phonaptera, and they have been recorded in 76 species of fleas 
(Fain and Beaucournu, 1993). Hypopial nymphs of P. u. ki-
vuensis, which were recovered in the present study, have been 
associated with various flea species on several small mammal 
species in 3 African countries, namely, Zaire, Gabon, and Ken-
ya (Fain and Beaucournu, 1993). The present study documents 
the first record of a phoretic association between P. u. kivuensis 
and several flea species in South Africa. Moreover, it also seems 
that this is the first record of hypopial nymphs on C. rossi, H. 
temporis, and L. agrippinae. Interestingly, P. u. kivuensis was 
only recorded at a locality that is generally wetter than the other 
localities (S. Matthee, unpubl. obs.). The largest proportion of 
hypopi (50%) was recorded on C. rossi,'followed by 25% each 
on L. agrippinae and H. temporis. Preference for female fleas 
also was displayed (88% of the hypopi occurred on female 
fleas). This finding may be attributed to the abdominal segments 
of female fleas being freer to move than those of males, which 
could facilitate attachment of the hypopi. 
Thirteen ixodid tick species, representing 5 genera, were re-
covered from R. pumilio in the We. As expected, most of the 
ticks were larvae (Walker, 1991), which may partly be attrib-
uted to grooming by the host or to the height at which the 
various tick life stages quest for hosts (Gallivan and Horak, 
1997). Grooming is more effective in removing the larger adult 
stages, and allogrooming by R. pumilio has been reported 
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(Schradin and Pillay, 2003, 2004). Larval stages of ticks are 
more susceptible to desiccation than nymphs or adults (Short 
et ai., 1989a; Solomon and Kaaya, 1998), and the larvae of 
some species therefore may spend more of their time at ground 
level or in the lower portion of the vegetation compared with 
the adults (Short et ai., 1989b; Mejlon and Jeanson, 1997). This 
behavior could facilitate a higher frequency of contact between 
the larvae and small mammal species such as R. pumilio. The 
larvae of some species, however, may have a natural preference 
for rodents and hence quest for hosts from the soil surface or 
from vegetation in its proximity. 
The single Amblyomma syZvaticum larva on R. pumilio can 
be regarded as an accidental infestation. Walker (1991) noted 
that this tick is commonly associated with reptiles, and specif-
ically with tortoises and lizards. The II adult ticks collected at 
1 of the study sites (Table IV) were all present on an angulate 
tortoise (Chersina anguZata). 
Immature stages of H. acicuZifer have been recorded previ-
ously on R. pumilio in the WC (Horak and Boomker, 1998), 
and in the current study they were present in low-to-moderate 
intensities, supporting the supposition that although H. acicu-
lifer is widely distributed, it is never encountered in large num-
bers (Walker, 1991). Adult H. acicuZifer parasitize domestic 
livestock, various antelope, and carnivore species (Walker, 
1991). The immature stages of H. leachi also have previously 
been recorded in the WC as well as at other localities in South 
Africa (Horak and Boomker, 1998; Petney et ai., 2004; Horak 
et aI., 2005). Adult H. Zeachi parasitize domestic and wild car-
nivores (Horak et aI., 2000; Horak and Matthee, 2003). Hae-
maphysalis lea chi seems to be the only species within the genus 
that is economically important in the WC and South Africa, in 
that it is the vector of Babesia canis, the causative organism of 
canine babesiosis in domestic dogs and of Rickettsia conori, the 
cause of human tick-bite fever (also known as boutoneusse fe-
ver) (Walker, 1991). It also can harbor C. burnetii, the causative 
agent of Q fever in animals and humans (Walker, 1991). 
Hyalomma truncatum was present in large numbers (> 1 ,500 
individuals) and on most R. pumilio at only 2 of the study 
localities (Elandsberg Reserve and Elandsberg Agriculture). In 
a previous study on R. pumiZio in the WC, 4 nymphs were 
present on 2 of 25 R. pumilio examined (Horak and Boomker, 
1998), and in the Free State Province a single larva was col-
lected from I of 36 striped mice (Horak et aI., 2005). Most H. 
truncatum larvae and nymphs were embedded in dermal pits 
on the anterodorsal part of the body, a finding similar to that 
made for this species on bushveld gerbils (Braack et aI., 1996). 
The only adult tick collected from a four-striped mouse was 
from Elandsberg Reserve (Table IV). Certain species of Hya-
lomma are vectors of the virus responsible for Crimean-Congo 
hemorrhagic fever (CCHF) in humans (Shepherd et ai., 1989; 
Swanepoel, 1998). Since 1982, more than 150 cases of CCHF 
have been reported in South Africa, of which more than 50% 
were associated with tick bites (Anonymous, 2000). Hyalomma 
truncatum is a vector of Babesia caballi, the causative agent of 
equine babesiosis, in South Africa (De Waal, 1990). It also 
produces dermotropic toxins that cause sweating sickness in 
cattle (Dolan and Newson, 1980) and necrotic lesions around 
the bites of adult ticks on dogs (Burr, 1983). 
Four species of Ixodes were recovered. Ixodes bakeri and the 
immature stages of an undescribed Ixodes sp. were the 2 most 
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numerous ticks in this genus. Ixodes bakeri was the fourth most 
numerous tick species and was present on 42.9% of R. pumilio. 
Walker (1991) noted that 1. bakeri occurs throughout the WC 
and seems to prefer vlei rats (Otomys spp.) and shrews (Cro-
cidura mariquensis and Myosorex varius) as hosts. As sug-
gested by Walker (1991), both adults and immature stages of 
this tick parasitize rodents. The immature stages of an unde-
scribed Ixodes species were among the most numerous of the 
ticks collected and were prevalent in approximately one third 
of the mice. This finding contrasts with their absence on R. 
pumilio in all the previous studies (Horak et al., 1986, 2005; 
Howell et aI., 1989; Horak and Boornker, 1998; Petney et al., 
2004). In addition to large numbers of larvae and nymphs of 
this tick, a single female Ixodes, seemingly belonging to an 
undescribed species, also was recovered. Some of the shared 
taxonomic characters of the immature Ixodes sp. ticks and of 
this female tick suggest that they may belong to the same spe-
cies. Both Ixodes alluaudi and 1. rubicundus were present at 
low intensities. This finding may be explained by the fact that 
shrews are the preferred hosts of the former tick (Walker 1991), 
and rock elephant shrews (Elephantulus myurus) of the imma-
ture stages of the latter tick (Fourie et al., 1992). Both ticks are 
present at scattered localities in the WC (Walker, 1991). A sin-
gle adult 1. alluaudi was recovered from a shrew at the Jon-
kershoek study site, and 33 adult 1. rubicundus at the Cordoba 
and Elandsberg study localities (Table IV). Ixodes rubicundus 
is an economically important tick in that feeding females se-
crete a toxin that causes paralysis in domestic sheep, goats, and 
calves as well as in some antelope species (Spickett and Heyne, 
1988; Fourie et al., 1991). 
Rhipicephalus was represented by larvae and nymphs be-
longing to the R. gertrudae group and nymphs of R. lounsburyi. 
Although the majority of the larvae collected were R. gertru-
dae, other larvae similar in appearance to R. gertrudae, namely, 
Rhipicephalus capensis, Rhipicephalusfollis, R. lounsburyi, and 
Rhipicephalus simus, also were present. Because of the large 
numbers of larvae collected (> 13,000 individuals) and the dif-
ficulty in distinguishing between the immature stages of the 
various species (Walker et al., 2000), the larval data for these 
5 taxa were pooled. The presence on R. pumilio of immature 
ticks of the R. gertrudae group in the present study agreeg with 
previous studies on this mouse in the WC and in Free State 
Province (Horak and Boornker, 1998; Horak et aI., 2005). The 
immature stages also have been recorded from Namaqua rock 
mice (Aethomys namaquensis) in the Free State Province (Four-
ie et aI., 1992). More than 900 adult R. gertrudae were collected 
at 6 of the 9 study localities (Table IV), implying that a large 
proportion of the questing immature 1:Icks that infested the mice 
could have belonged to this species. Because murid rodents are 
the preferred hosts of the immature stages of R. gertrudae 
(Walker et aI., 2000), it is not unreasonable to assume that a 
large proportion of the immature Rhipicephalus spp. collected 
from R. pumilio belonged to this species. Several nymphs of R. 
lounsburyi were recovered from R. pumilio. Walker (1991) not-
ed that the preferred hosts of the immature stages of this tick 
were as yet unknown. Since then, authors of 1 study in the WC 
(Horak and Boornker, 1998) and another in Free State Province 
(Horak et al., 2005) have reported immature stages on R. pum-
ilio. In both the latter studies, however, the presence of R. 
lounsburyi could be interpreted as due to accidental infestations 
because of the small numbers recovered (1 nymph and 1 larva, 
and 1 nymph, respectively). The large numbers of nymphs col-
lected in the present study support the previous findings and 
indicate the possible importance of R. pumilio as a host for the 
immature stages. Adult R. lounsburyi were collected from the 
environment at 2 of the study sites. Rhipicephalus simus is of 
economic importance and can act as vector for Anaplasma mar-
ginale and Anaplasma centrale, both of which cause anaplas-
mosis in cattle, sheep, and goats (Potgieter and Van Rensburg, 
1987; Walker, 1991). In addition, R. simus can secrete toxins 
that cause paralysis in humans (Walker, 1991). 
In general fleas, lice, and mites were more abundant during 
the cool wet months (predominantly June, followed by Septem-
ber), whereas ticks generally preferred the warm dry months 
(December and February). High temperatures and low humidity 
may adversely affect the survival of fleas and lice (Askew, 
1971; Cooke, 1984; Cooke and Skewes, 1988). Peaks in inten-
sities during late winter and spring in both summer and winter 
rainfall regions have been noted for the flea Ctenocephalides 
felis damarensis on scrub hares (Lepus saxatilis) at various lo-
calities in South Africa (Louw et aI., 1993, 1995), and essen-
tially during the same seasons for Xenopsylla brasiliensis and 
Xenopsylla frayi on red veld rats and bush veld gerbils, respec-
tively, in Mpumalanga Province, a summer rainfall region 
(Braack et aI., 1996). Because the same pattern was recorded 
in both summer and winter rainfall regions, these authors sug-
gested that high temperature, rather than low humidity, may be 
an important climatic factor in determining the intensity of in-
festation. The predominance of lice in winter followed by 
spring in the present study is supported by data from a different 
host species in a previous study in the WC (Horak et al., 1986). 
In the latter study, both nymphs and adults ofthe chewing louse 
Damalinia pelea peaked in intensity on grey rhebok (Pelea ca-
preolus) during winter (June), and they were almost completely 
absent during the warm and dry midsummer months (Horak et 
aI., 1986). The same pattern has been observed for lice in stud-
ies on several antelope species in the northeastern summer rain-
fall region of South Africa (Horak et aI., 1983, 2003; Matthee 
et al., 1998). The decline in the relative mean intensity with 
lice during summer in our study may be related to high tem-
peratures during this period (Horak et al., 2003). 
According to Braack et aI. (1996) little information is avail-
able on the temporal variation of mite species on wild hosts in 
southern Africa. Recently, Anderson and Kok (2003) provided 
data on 2 mite species associated with the springhare (Pedetes 
capensis) and noted that the immature stages were prevalent 
during the cooler yet dry months. This pattern is similar to that 
noted in the present study in that nymphs of the 3 Androlaelaps 
species were only'recorded in June and September. The 2 most 
numerous mite species, A. fahrenholzi and L. giganteus in the 
present study, displayed contrasting seasonal patterns of occur-
rence during the cooler months. The mean abundance of the 
former species peaked in June, followed by a decrease in Sep-
tember, whereas the converse was true for the latter species. 
The higher mean abundances of tick larvae in the warmer 
months in the present study are similar to those of several tick 
species on rock dassies (Procavia capensis) in the Eastern Cape 
Province (Horak and Fourie, 1986). Horak et aI. (1986) also 
noted an increase in the intensities of infestation with larvae on 
grey rhebok, bontebok (Damaliscus pygargus dorcas), and 
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scrub hares in the WC during February; but in contrast to the 
present study, peak intensities of infestation were recorded in 
April or June. Peak numbers of the immature stages of H. trun-
catum were collected during the dry summer months (Decem-
ber and February) in the present study. In studies on scrub 
hares, red veld rats, and bushveld gerbils in a summer rainfall 
region of South Africa, the immature stages were most numer-
ous during the dry winter months from May to October (Horak 
et al., 1993; Braack et al., 1996). The absence of immature 
stages of H. truncatum on R. pumilia during the wet winter 
months in the present study could be due to a change in the 
seasonality of this tick, ensuring that all its developmental stag-
es are present during the warm dry summer months. 
This study underlines high ectoparasite biodiversity on a 
small mammal host in the CPR of South Africa. Rhabdamys 
pumilia is a habitat generalist and its consequent success in both 
pristine natural areas and human-transformed landscapes ex-
poses it to parasitism by a large number of species. The use of 
a generalist host species as a model organism in addition to a 
relatively high sampling intensity provides us with an indication 
of the potential parasite diversity that is present on mammals 
in the CPR. Based on the sampling approach used in this study, 
it is evident that a spring-to-early summer sampling period will 
yield the broadest representation of ectoparasite species in the 
WC. A distinct on-host temporal pattern was evident between 
the fleas, lice, and mites on the 1 hand and the ticks on the 
other hand. This study has highlighted the importance of R. 
pumilia as a host for a number of ectoparasite species because 
of their high prevalence and large numbers. Several of the ec-
toparasites that it hosts are of medical and veterinary impor-
tance in that they have the potential to act as vectors of various 
organisms that are pathogenic to animals and humans, such as 
A. centrale, A. marginale, B. caballi, B. canis, Y. pestis, and 
the virus that causes CCHF. In addition, adult H. truncatum also 
produce toxins that cause sweating sickness in calves, and ne-
crosis around their bites on dogs. Therefore, it is suggested that 
R. pumilia can contribute to a risk of disease especially at times 
of high population numbers and when it is present in proximity 
to anthropogenic areas. 
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DIVERSE AND ATYPICAL GENOTYPES IDENTIFIED IN TOXOPLASMA GONDII FROM 
DOGS IN SAO PAULO, BRAZIL 
J. P. Dubey, S. M. Gennari*, N. Sundar, M. C. B. Vianna*, L. M. Bandini*, L. E. O. Yait, O. C. H. Kwok, and C. Sut 
United States Department of Agriculture, Agricultural Research Service, Animal and Natural Resources Institute, Animal Parasitic Diseases 
Laboratory, Building 1001, Beltsville, Maryland 20705-2350. e-mail: jdubey@anri.barc.usda.gov 
ABSTRACT: The prevalence of Toxoplasma gondii in 118 unwanted dogs from Sao Paulo City, Sao Paulo State, Brazil, was 
determined, Antibodies to T, gondii were assayed by the modified agglutination test and found in 42 (35,8%) dogs, with titers 
of 1:20 in 10, 1:40 in 6, 1:80 in 5, 1:160 in 5, 1:320 in 6, 1:640 in 7, and 1:1,280 or higher in 3. Hearts and brains of 36 
seropositive dogs were bioassayed in mice, or cats, or both. Tissues from 20 seropositive dogs were fed to 20 T. gondii-free 
cats. Feces of cats were examined for oocysts. Toxoplasma gondii was isolated from 15 dogs by a bioassay in mice, from the 
brain alone of 1, from the heart alone of 4, and from both brains and hearts of 10. All infected mice from 5 of 15 isolates died 
of toxoplasmosis during primary infection. Four additional isolates were obtained by bioassay in cats. Genotyping of these 19 
T. gondii isolates using polymorphisms at 10 nuclear markers including SAG I, SAG2, SAG3, BTUB, GRA6, c22-8, c29-2, 
L358, PK1, and a new SAG2 (an apicoplast marker Apico) revealed 12 genotypes. One isolate had Type III alleles at all 11 loci, 
and the remaining 18 isolates contained a combination of different alleles and were divided into I I genotypes. The absence of 
Type II in Brazil was confirmed. The result supports previous findings that T. gondii population genetics is highly diverse in 
Brazil. 
Toxoplasma gondii infections are widely prevalent in human 
beings and animals worldwide (Dubey and Beattie, 1988). Hu-
mans become infected postnatally by ingesting tissue cysts from 
undercooked meat, consuming food or drink contaminated with 
oocysts, or by accidentally ingesting oocysts from the environ-
ment. However, only a small percentage of exposed adult hu-
mans develop clinical signs. It is unknown whether the severity 
of toxoplasmosis in immunocompetent persons is due to the 
parasite strain, host variability, or other factors. 
Toxoplasma gondii isolates have been classified into 3 ge-
netic types (I, II, Ill) based on restriction fragment length poly-
morphism (RFLP) (Howe and Sibley, 1995; Howe et aI., 1997), 
and, until recently, T. gondii was considered to be clonal, with 
very little genetic variability. Based on newer markers for ge-
netic characterization and using recently isolated strains from 
Brazil and French Guiana, a higher genetic variability has been 
revealed than previously reported (Ajzenberg et aI., 2004; Leh-
mann et aI., 2004, 2006; Ferreira et aI., 2006; Khan et aI., 
2006). 
We have initiated a study of worldwide genetic diversity of 
T. gondii. Thus far, we have characterized strains from free-
range chickens from many countries (Dubey, Gennari et aI., 
2006, and references therein). We have also characterized T. 
gondii isolates from cats from Brazil (Dubey et aI., 2004; Pena 
et aI., 2006) and Colombia, South America (Dubey, Su et aI., 
2006). In the present study, we attempted to isolate and char-
acterize T. gondii from dogs from Sao Paulo, Brazil. 
MATERIALS AND METHODS 
Naturally infected dogs 
Unwanted 118 dogs, I yr or older, were killed between December 
2005 and April 2006 (Table I). The dogs were unclaimed pets or were 
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caught by the Municipality of Sao Paulo City and brought to the Center 
for Zoonosis, Sao Paulo, to be destroyed. The dogs were killed by 
injection of an overdose of phenobarbitol. At necropsy, brain, heart, and 
blood samples were collected and kept at 4 C until sent refrigerated by 
air to Beltsville, Maryland. Three to 9 days elapsed between killing of 
dogs and receipt of samples in Beltsville. One batch of dogs (Tx 220, 
Table I) was held up in U.S. Customs for 1 wk, and tissues had auto-
lyzed. 
Serological examination 
Sera of dogs were tested for T. gondii antibodies using 2-fold serum 
dilutions from 1 :20 to 1: 1,280 with the modified agglutination test 
(MAT) as described by Dubey and Desmonts (1987). 
Bioassay of canine tissues for T. gondii infection 
Tissues of all 36 dogs with titers of 1 :20 or higher were bioassayed 
for T. gondii infection in mice, cats, or both 1-3 days after results of 
serologic examination were available (Table I). Brains and hearts of 36 
dogs were each bioassayed individually in out-bred female Swiss Web-
ster mice obtained from Taconic Farms, Germantown, New York, as 
described by Dubey et al. (2002). Each tissue (20-25 g) was homoge-
nized individually, digested in acidic pepsin, neutralized, and washed; 
the homogenate was inoculated subcutaneously into 3-5 mice (Table 
II). 
Brains and hearts from 20 dogs were pooled and fed separately to 20 
T. gondii-free cats. Feces of cats were examined for shedding of T. 
gondii oocysts 3-14 days after ingesting canine tissues as previously 
described (Dubey et a!., 2002). Fecal floats were incubated in 2% sul-
furic acid for 1 wk at room temperature on a shaker to allow sporulation 
of oocysts and were bioassayed orally in mice (Dubey and Beattie, 
1988). Four to 7 days after feeding oocysts, mesenteric lymph nodes of 
mice that died or were killed were removed, and, after ascertaining the 
presence of tachyzoites, homogenates of lymph nodes were inoculated 
into new mice to exclude Hammondia hammondi infection (Dubey and 
Beattie, 1988). Tissue imprints of mice that died were examined for T. 
gondii tachyzoites or tissue cysts. Survivors were bled on day 40-42 
postinoculation (PI), and a I :25 dilution of serum from each mouse was 
tested for T. gondii antibodies with the MAT. Mice were killed 6 wk 
PI, and brains of all mice were examined for tissue cysts as described 
previously (Dubey and Beattie, 1988). The inoculated mice were con-
sidered infected with T. gondii when tachyzoites or tissue cysts were 
found in tissues. 
Pathogenicity of oocysts of T. gondii isolates to mice 
Tissues of acutely infected mice that died or were killed 8-11 days 
after inoculation with hearts and brains of dog no. 10 (Table II) were 
fed to a T. gondii-free cat to collect oocysts of the most pathogenic 
strain of T. gondii from a dog from Brazil, and oocysts were collected 
from the feces of the cat. After sporulation, oocysts (number not deter-
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TABLE I. Prevalence of Toxoplasma gondii in dogs from Slio Paulo, Brazil. 
Date No. seronegative No. seropositive No. bioassayed No. bioassayed T. gondii 
Expt. no. Date killed bioassayed No. of dogs «1:20) (;0:1:20) in mice in cats isolated 
215 29 Nov. 2005 5 Dec. 2005 25 16 
220 5 Dec. 2005 15 Dec. 2005 21 9 
224 16 Jan. 2006 20 Jan. 2006 22 17 
243 6 Mar. 2006 13 Mar. 2006 17 15 
248 4 Apr. 2006 11 Apr. 2006 33 19 
mined) were bioassayed in mice by inoculating lO-fold dilutions into 
mice until an end point was reached. 
Genetic characterization 
Toxoplasma gondii DNA was extracted from the tissues of all in-
fected mice from each group, and strain typing was initially performed 
using genetic markers SAG1, SAG2, SAG3, BTUB, and GRA6 as de-
scribed (see Dubey, Patitucci et aI., 2006). These 5 markers allowed us 
to quickly characterize all samples and to identify potential mixed in-
fection. One representative DNA extract from mice infected with the 
same dog sample was genotyped with 6 additional genetic markers in-
cluding c22-8, c29-2, L358, PK1, a new SAG2, and Apico to further 
identify isolates with high resolution (Dubey, Sundar et al., 2006; Su 
et aI., 2006). 
RESULTS 
Antibodies to T. gondii were found in 42 (35.8%) dogs with 
titers of 1:20 in 10, 1:40 in 6, 1:80 in 5, 1:160 in 5, 1:320 in 
6, 1:640 in 7, and 1:1,280 or higher in 3. Toxoplasma gondii 
was isolated from 19 dogs with titers of 1:40 in 2, 1:80 in 3, 
1:160 in 1, 1:320 in 3, 1:640 in 7, and 1:1,280 in 2 (Table I). 
Toxoplasma gondii was isolated from 15 dogs by bioassay 
in mice, from the brain alone of 1, from the heart alone of 4, 
and from both brains and hearts of 10 dogs. Five of these T. 
gondii isolates were 100% lethal for mice; all mice inoculated 
with tissues of dogs died of acute toxoplasmosis. Four addi-
tional isolates were obtained by bioassay in cats (Table II). The 
T. gondii isolates were designated as TgDgBrl-19 (Table II). 
From the 19 isolates characterized genetically, a total of 12 
genotypes were identified (Table III). One isolate had Type III 
alleles at all 11 loci, and 18 isolates contained the combination 
of different alleles and were divided into 11 genotypes. 
The cat fed acutely infected mice shed 12.5 million oocysts. 
Mice inoculated with the last infective dilution of oocysts died 
of acute toxoplasmosis by 22 days PI; there were no infected 
survivors. 
. , 
DISCUSSION 
Toxoplasma gondii isolates differ markedly in their virulence 
to outbred mice. Isolates of T. gondii were considered virulent 
when mice inoculated with tachyzoites or bradyzoites died 
within 28 days PI. Virulence to mice depends on several factors, 
including the stage of the parasite, route, dose, types of mice 
used, host, and the strain of the parasite. Among the 3 infectious 
stages of T. gondii, oocysts are more virulent than tachyzoites 
or bradyzoites for nonfeline hosts (Dubey and Beattie, 1988). 
However, oocysts are not pathogenic for cats (Dubey, 2006). 
Results of our previous studies indicated that mouse virulent 
strains are present in apparently clinically normal dogs (present 
study), cats (Dubey et aI., 2004; Pena et al., 2006; Dubey, Su 
9 9 9 3 
12 6 6 4 
5 5 5 3 
2 2 0 
14 14 0 8 
et al., 2006), and chickens (Dubey et aI., 2002). Results of the 
present study show that at least 5 of the 15 isolates from ap-
parently healthy dogs from Brazil were 100% lethal for mice. 
Therefore, the T. gondii virulent phenotype in mice is unique, 
and it does not necessarily reflect the parasite's virulence in 
other animals. Circumstantial evidence suggests that certain ge-
netic types of T. gondii may be associated with clinical ocular 
toxoplasmosis in humans (Khan et al., 2005, 2006). It has been 
suggested that Type I isolates or recombinants of Types I and 
III are more likely to result in clinical toxoplasmosis (see Khan 
et aI., 2005, 2006, and references therein), but genetic charac-
terization has been limited essentially to isolates from patients 
ill with toxoplasmosis. There is very little information regard-
ing the genetic diversity of T. gondii isolates circulating in the 
general human population. Therefore, we must be cautious in 
claiming a linkage between parasite genotypes and disease pre-
sentations without good knowledge of parasite biology in the 
human population and environment. 
In the present study, T. gondii was isolated from tissues of 
19 of 36 seropositive dogs. Little is known of the tissue distri-
bution of T. gondii in dogs. Toxoplasma gondii is considered 
to have an affinity for encystment in neural tissue, but this as-
sumption is based on infections in mice. In the present study, 
T. gondii was isolated more frequently from the hearts than 
from the brains of dogs using an equal amount of tissue for 
bioassay in mice. These data from naturally infected dogs are 
similar to those obtained from those infected experimentally. 
Dubey (1985) orally inoculated 4 dogs with T. gondii; 2 were 
given 100,000 oocysts each, and 2 were each given tissue cysts. 
All remained healthy until killed 5 mo later. At necropsy, 50-g 
portions of heart, liver, kidney, lung, brain, and thigh muscles 
were digested in acid-pepsin solution, and homogenates inoc-
ulated individually into 6 mice for each source. Toxoplasma 
gondii was isolated from the thigh muscles in all 4 recipient 
dogs, the heart in 3, and the liver in 1, but not from the kidney, 
lung, or brain. These data indicate that muscle tissue should be 
included in the bioassay of canine tissues for T. gondii infec-
tion. 
In the present study, T. gondii antibodies were found in 35% 
of apparently clinically normal dogs, and viable parasites were 
isolated from 45.2% of seropositive dogs. These data are not 
too different from those reported by others from Brazil. Bran-
diio et aI. (2006) isolated T. gondii from the diaphragms of 8 
of 25 dogs with leishmaniasis from Belo Horizonte, Minas Ger-
ais, Brazil. These isolates were designated as DI-D8; 20fthese 
8 isolates were considered to be highly pathogenic for mice. 
These 8 isolates were previously included in molecular studies 
reported by their associates (Ferreira et al., 2004, 2006; Khan 
TABLE II. Isolation of Toxoplasma gondii from dogs from Sao Paulo, Brazil. 
Dogs Isolation in mice 
Expt. no. Oocysts shed in 
& dog no. MAT titer cats (cat no.) Heart Brain 
Tx 215 
4 320 Yes (229) 4/5* (24)t 5/5 
13 80 Yes (227) 0/5 0/5 
23 1,280 Yes (228) 5/5 (12, 13, 14, 15, 15) 5/5 (12, 19, 23, 30, 53) 
Tx 220 
5 640 Yes (202) 5/5 2/5 
13 320 Yes (219) 5/5 (13, 17, 18, 24) 3/5 (26) 
17 640 Yes (201) 5/5 (13, 15, 15, 15, ,20) 5/5 (18, 18, 18, 18, 25) 
19 160 Yes (211) 0/5 0/5 
Tx 224 
9 40 Yes (241) 0/5 0/5 
17 1,280 Yes (237) 5/5 (13, 13, 14, 14, 15) 5/5 (17, 17, 17, 17, 17) 
18 40 Yes (238) 0/5 0/5 
Tx 243 
8 640 Not done 3/3 3/3 
Tx 248 
1 80 Not done 4/4 (17, 17, 17, 17) 3/3 (14, 14) 
3 640 Not done 2/4 (16) 4/4 
8 320 Not done 0/4 114 (16) 
10 640 Not done 4/4 (11, 11, 11, 11) 4/4 (8, 9, 11, 11) 
16 320 Not done 114 (18) 0/4 
17 80 Not done 4/4 (10, 15, 19, 26) 0/4 
18 640 Not done 4/4 (14, 16, 17) 0/4 
21 640 Not done 4/4 (19, 19, 19) 0/4 
* No. of mice infected with T. gondiilno. of mice inoculated with canine tissues. 
t Day of death of individual mice. 
=!: Genetic analysis based on DNA obtained from no. of mice indicated. 
§ Genetic analysis based on mice inoculated with oocysts of that T. gondii isolate. 
Genotype 
SAG!, SAG2, SAG3, BTUB, 
Isolate ID GRA6 
TgDgBrl 1(8):1:, 1(8), III(8), III(8), III(8) 
TgDgBr2 I§, I§, III§, I§, III§ 
TgDgBr3 1(10),1(10), III(lO), 1(10), 11(10) 
TgDgBr4 1(7), III(7), III(7), III(7), III(7) 
TgDgBr5 u-l(7), 1(7), III(7), III (7), III(7) 
TgDgBr6 u-l (10), I( 10), III( 10), 1(10), III( 10) 
TgDgBr7 I§, I§, III§, I§, II§ 
TgDgBr8 1(2), III(2), III(2), III(2), 11(2) 
TgDgBr9 1(10), III(10), III(lO), III(10), 11(10) 
TgDgBrlO 1(1), III(1), III(1), III( 1), 11(1) 
TgDgBr11 IIorIII,III,III,III,III 
TgDgBr12 1(7), III(7), III(7), III(7), III(7) 
TgDgBr13 1(7), 1(7), III(7), III(7), III(7) 
TgDgBr14 u-l(I), 1(1), III(1), III(1), III(1) 
TgDgBr15 u-l (8), 1(8), III(8), III(8), III(8) 
TgDgBr16 1(1), III(1), III(I), 1(1), III(1) 
TgDgBr17 u-l(4), 1(4), III(4), 1(4), III(4) 
TgDgBr18 1(4), 1(4), III(4), III(4), 11(4) 
TgDgBr19 1(4), III(4), III(4), III(4), III(4) 
c22-8, c29-2, L358, PKl, 
new SAG2, Apico 
I, III, I, II, II, III 
u-l, III, III, I, I, I 
u-l, I, I, I, I, I, 
II, III, III, III, III, III 
II, I, I, u-l, II, I 
II, I, I, I, II, I 
u-l, I, I, I, I, I 
I, I, I, I, III, I 
I, I, I, I, III, I 
I, I, I, I, III, I 
III, III, III, III, III, III 
II, III, III, III, III,III 
I, III, I, II, II, III 
II, I, I, III, II, I 
II, I, I, III, II, I 
I, III, III, u-l, III, III 
II, I, I, I, II, I 
u-l, I, I, II, II, I 
III, I, III, III, III, III 
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TABLE III. Summary of genotyping of Toxoplasma gondii from dogs from Brazil. 
Genetic marker 
Genotype SAG! SAG2 SAG3 BTUB GRA6 c22-8 
I III III III 
2 I III I III u-l 
3 I III II u-l 
4 III III II u-l 
5 III III III III II 
6 III III III III III 
7 III III III II 
8 u-l III III III II 
9 u-l III III III II 
10 u-l III III II 
11 II or III III III III III III 
12 I III III III 
et aI., 2006). Silva et al. (2005) bioassayed brains of 34 of the 
111 dogs with neurological signs admitted to a hospital in Pa-
rami, Brazil. Antibodies to T. gondii were found in 25 of these 
dogs in a 1: 16 dilution of serum tested by an indirect fluorescent 
antibody test (IFAT). Viable T. gondii was found in 36 of 36 
mice inoculated with brains of 9 dogs with IFAT titers of 
1:64 or higher but not from 2 dogs with titers of 1:16 (Silva et 
aI., 2005). Another noteworthy observation was that all 9 iso-
lates were highly pathogenic to mice, i.e., all 36 inoculated 
mice died of acute toxoplasmosis 5-20 days PI, with demon-
strable tachyzoites in peritoneal exudates of mice inoculated 
subcutaneously with canine tissues (Silva et aI., 2005). In our 
study,S of the isolates killed all inoculated mice, and most mice 
did not die until day 13 PI (Table II). The earliest death oc-
curred at day 8 PI. From an epidemiological prospective, it 
should be noted that the cat fed these acutely infected mice 
inoculated with tissues of dog no. 10 shed millions of oocysts, 
indicating that tissue cysts are an integral part of the life cycle 
of T. gondii. To date, there is no evidence for strains of T. 
gondii without tissue cysts in nature. 
Genotyping of 19 isolates obtained in this study revealed 1.2 
variants (Table III). One isolate had the Type III allele at all 11 
loci; the other 18 isolates contained a combination of different 
alleles and were divided into 11 genotypes. The absence of the 
Type II lineage in Brazil was confirmed. This result supports 
previous findings that the T. gondii suprapopulation is highly 
diverse in Brazil (Lehmann et al., 2004; Ferreira et al., 2006; 
Khan et al., 2006; Lehmann et aI., 200(j;' Su et aI., 2006). Fur-
ther studies at the DNA sequencing level are needed to deter-
mine if the high diversity is maintained through frequent ge-
netic crosses among a few allelic lineages, from a large effec-
tive suprapopulation size, or both. 
ACKNOWLEDGMENTS 
We thank Katherine Hopkins for technical assistance. 
LITERATURE CITED 
AlZENBERG, D., A. L. BANuLS, C. Su, A. DUMETRE, M. DEMAR, B. CAR-
ME, AND M. L. DARDE. 2004. Genetic diversity, clonality and sex-
uality in Toxoplasma gondii. International Journal for Parasitology 
34: 1185-1196. 
New 
c29-2 L358 PKI SAG2 Apico Isolate ID 
III II II III TgDgBrl,13 
III III I I TgDgBr2 
TgDgBr3,7 
II II TgDgBrl8 
III III III III III TgDgBr4,12 
III III III III TgDgBr19 
III TgDgBr8, 9, 10 
u-l II TgDgBr5 
III II TgDgBrl4, 15 
II TgDgBr6,17 
III III III III III TgDgBrll 
III III u-l III III TgDgBrl6 
BRANDAO, G. p., A. M. FERREIRA, M. N. MELO, AND R. W. A. VITOR. 
2006. Characterization of Toxoplasma gondii from domestic ani-
mals from Minas Gerais, Brazil. Parasite 13: 143-149. 
DUBEY, J. P. 1985. Toxoplasmosis in dogs. Canine Practice 12: 7-28. 
---. 2006. Comparative infectivity of oocysts and bradyzoites of 
Toxoplasma gondii for intermediate (mice) and definitive (cats) 
hosts. Veterinary Parasitology 140: 69-75. 
---, AND C. P. BEATTIE. 1988. Toxoplasmosis of animals and man. 
CRC Press, Boca Raton, Florida, 220 p. 
---, AND G. DESMONTS. 1987. Serological responses of equids fed 
Toxoplasma gondii oocysts. Equine Veterinary Journal 19: 337-
339. 
---, S. M. GENNAR!, M. B. LABRUNA, L. M. A. CAMARGO, M. C. B. 
VIANNA, P. L. MARCET, AND T. LEHMANN. 2006. Characterization of 
Toxoplasma gondii isolates in free-range chickens from Amazon, 
Brazil. Journal of Parasitology 92: 36-40. 
---, D. H. GRAHAM, C. R. BLACKSTON, T. LEHMANN, S. M. GENNAR!, 
A. M. A. RAGOzo, S. M. NISHI, S. K. SHEN, O. C. H. KWOK, D. E. 
HiLL, AND P. THULLIEZ. 2002. Biological and genetic characterisa-
tion of Toxoplasma gondii isolates from chickens (Gallus domes-
ticus) from Sao Paulo, Brazil: Unexpected findings. International 
Journal for Parasitology 32: 99-105. 
---, I. T. NAVARRO, C. SREEKUMAR, E. DAHL, R. L. FREIRE, H. H. 
KAWABATA, M. C. B. VIANNA, O. C. H. KWOK, S. K. SHEN, P. 
THuLLIEZ, AND T. LEHMANN. 2004. Toxoplasma gondii infections in 
cats from Parana, Brazil: Seroprevalence, tissue distribution, and 
biologic and genetic characterization of isolates. Journal of Para-
sitology 90: 721-726. 
---, A. N. PATITUCCI, C. Su, N. SUNDAR, O. C. H. KWOK, AND S. 
K. SHEN. 2006. Characterization of Toxoplasma gondii isolates in 
free-range chickens from Chile, South America. Veterinary Para-
sitology 140: 76-82. 
---, C. Su, J. A. CORTES, N. SUNDAR, J. E. GOMEZ-MARIN, L. J. 
POLO, L. ZAMBRANO, L. E. MORA, ELoRA, J. JIMENEZ, O. C. H. 
KWOK, S. K. SHEN,'X. ZHANG, A. NIETO, AND P. THULLIEZ. 2006. 
Prevalence of Toxoplasma gondii in cats from Colombia, South 
America and genetic characterization of T. gondii isolates. Veteri-
nary Parasitology 141: 42-47. 
---, N. SUNDAR, S. M. GENNAR!, A. H. H. MINERVINO, N. A. R. 
FAR!AS, J. L. RUAS, T. R. B. DOS SANTOS, G. T. CAVALCANTE, O. C. 
H. KWOK, AND C. SUo 2007. Biologic and genetic comparison of 
Toxoplasma gondii isolates in free-range chickens from the north-
ern Para state and the southern state Rio Grande do SuI, Brazil 
revealed highly diverse and distinct parasite populations. Veterinary 
Parasitology (In press). 
FERREIRA, A. M., R. W. A. VITOR, A. C. A. V. CARNEIRO, G. P. BRANDAO, 
AND M. N. MELO. 2004. Genetic variability of Brazilian Toxoplas-
ma gondii strains detected by random amplified polymorphic DNA-
polymerase chain reaction (RAPD-PCR) and simple sequence re-
64 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.1, FEBRUARY 2007 
peat anchored-PCR (SSR-PCR). Infection, Genetics and Evolution 
4: 131-142. 
---, ---, R. T. GAZZINELLI, AND M. N. MELO. 2006. Genetic 
analysis of natural recombinant Brazilian Toxoplasma gondii 
strains by multilocus PCR-RFLP. Infection, Genetics and Evolution 
6: 22-31. 
HOWE, D. K., S. HONORE, E DEROUIN, AND L. D. SIBLEY. 1997. Deter-
mination of genotypes of Toxoplasma gondii strains isolated from 
patients with toxoplasmosis. Journal of Clinical Microbiology 35: 
1411-1414. 
---, AND L. D. SIBLEY. 1995. Toxoplasma gondii comprises three 
clonal lineages: Correlation of parasite genotype with human dis-
ease. Journal of Infectious Diseases 172: 1561-1566. 
KHAN, A., C. JORDAN, C. MUCCIOLI, A. L. V ALLOCm, L. V. RIZZO, R. 
BELFORT, R. W. A. VITOR, C. SILVEIRA, AND L. D. SIBLEY. 2006. 
Genetic divergence of Toxoplasma gondii strains associated with 
ocular toxoplasmosis, Brazil. Emerging Infectious Diseases 12: 
942-949. 
---, C. Su, M. GERMAN, G. A. STORCH, D. B. CLIFFORD, AND L. D. 
SIBLEY. 2005. Genotyping of Toxoplasma gondii strains from im-
munocompromised patients reveals high prevalence of type I 
strains. Journal of Clinical Microbiology 43: 5881-5887 . 
. , 
LEHMANN, T., C. R. BLACKSTON, S. E PARMLEY, L. M. G. BArnA-OLIV-
EIRA, S. M. GENNAR!, AND J. P. DUBEY. 2004. Variation in the struc-
ture of Toxoplasma gondii and the roles of selfing, drift, and epi-
static selection in maintaining linkage diseqUilibria. Infection, Ge-
netics and Evolution 4: 107-114. 
---, P. L. MARCET, D. H. GRAHAM, E. R. DAHL, AND J. P. DUBEY. 
2006. Globalization and the population structure of Toxoplasma 
gondii. Proceedings of the National Academy of Sciences USA 
103: 11423-11428. 
PENA, H. E J., R. M. SOARES, M. AMAKU, J. P. DUBEY, AND S. M. 
GENNAR!. 2006. Toxoplasma gondii infection in cats from Sao Pau-
lo state, Brazil: Seroprevalence, oocyst shedding, isolation in mice, 
and biologic and molecular characterization. Research in Veterinary 
Science 81: 58-67. 
SILVA, A. v., S. B. PEzERICO, V. Y. DE LIMA, L. D'ARc MORETTI, J. P. 
PiNHEIRO, E. M. TANAKA, M. G. RIBEIRO, AND H. LANGON!. 2005. 
Genotyping of Toxoplasma gondii strains isolated from dogs with 
neurological signs. Veterinary Parasitology 127: 23-27. 
Su, c., X. ZHANG, AND J. P. DUBEY. 2006. Genotyping of Toxoplasma 
gondii by multilocus PCR-RFLP markers: A high resolution and 
simple method for identification of parasites. International Journal 
for Parasitology 36: 841-848. 
J. Parasitol.. 93(1), 2007, pp. 65-72 
© American Society of Parasitologists 2007 
THE USE OF MM3 MONOCLONAL ANTIBODIES FOR THE EARLY IMMUNODIAGNOSIS 
OF OVINE FASCIOLIASIS 
Mercedes Mezo, Marta Gonzalez-Warleta, and Florencio M. Ubeira* 
Centro de Investigaciones Agrarias, Mabegondo, P.O. Box 10, 15080, A Coruna, Spain. e-mail: mpubeira@usc.es 
ABSTRACT: This study reports a new capture ELISA (MM3-SERO) for the serodiagnosis of sheep fascioliasis, based on the use 
of the monoclonal antibody (mAb) MM3. Like our previously reported indirect ELISA method, based on the use of a FPLC-
purified fraction (fraction IV) of the Fasciola hepatica excretion/secretion antigens (ESAs), this new test was able to detect 
animals infected with very small numbers of metacercariae (5-40) and showed no cross-reaction with sera from sheep infected 
with other parasites, i.e., Moniezia spp., Cysticercus tenuicollis, and Dicrocoelium dendriticum. In contrast with these 2 methods, 
some sera (mainly those obtained from animals infected with D. dendriticum) showed high reactivities in indirect ELISA with 
whole F. hepatica ESAs used as control. Interestingly, the MM3-SERO ELISA has a better signal-to-noise ratio than the fraction-
IV ELISA, thus allowing detection of seroconversion in infected sheep on average 1 wk earlier (3.2 ± 0.4 wk postinfection [PI] 
for MM3-SERO ELISA vs. 4.2 ± 0.9 wk PI for fraction IV ELISA). Moreover, the antibody response detected with MM3-SERO 
ELISA was more uniform, with seroconversion always occurring at 4 wk PI in sheep with 1-2 flukes and at 3 wk PI in sheep 
with more than 2 flukes. The MM3-SERO ELISA was also used to evaluate the kinetics of antibody response against MM3-
recognized antigens in sera from sheep experimentally infected with F. hepatica and then treated with triclabendazole. Our results 
showed that antibody levels dropped by about 25% during the 4-wk observation period following the flukicide treatment, whereas 
they remained invariably high in all sheep left untreated. We conclude that the MM3-SERO ELISA is a 100% sensitive and 
100% specific test for the early serodiagnosis of sheep fascioliasis. Preliminary studies in our laboratory seem to indicate that 
this method may also be useful for the determination of anti-F. hepatica antibodies in serum and milk of other ruminants. A 
commercial version of MM3-SERO is currently available from BIO X Diagnostics (La Jemelle, Belgium). 
Fasciola species are among the most important trematode 
parasites infecting ruminants in terms of pathology, geograph-
ical distribution, and economic losses (Hillyer, 1999). Even 
when fascioliasis is subclinical, the infections may have a major 
economic impact, because of reductions in weight gain (Hope 
Cawdery et al., 1977; Oakley et aI., 1979; Genicot et aI., 1991; 
Elitok et aI., 2006), milk yield (Orellana et al., 1999; Schweizer 
et aI., 2005), and fertility (Hope Cawdery, 1976; L6pez-Dfaz et 
al., 1998; Loyacano et aI., 2002) and condemnation of livers. 
In addition, sheep and cattle are the main reservoirs of this 
parasite, so that control in these animals is essential to reduce 
human fascioliasis. The control of the disease has historically 
been limited by a lack of accurate and practicable tests for the 
early diagnosis of Fasciola hepatica infection in humans and 
other animals. Microscopic demonstration of parasite ova in 
feces, the traditional diagnostic technique that is still widely 
used, is not effective until at least 10-12 wk postinfection (PI), 
has poor sensitivity, and is labor intensive. Alternatively, bovipe 
and ovine fascioliasis can be diagnosed during the prepatent 
period by immunological tests that detect coproantigens re-
leased by adult flukes living in bile ducts. An example of these 
methods is the ultrasensitive capture ELISA (MM3 COPRO) 
using the monoclonal antibody (mAb) MM3 (Mezo et aI., 
2004), of which a commercial version is currently available 
from BIO-X Diagnostics (La Jemelk." Belgium). With this 
method, it is possible to detect 100% of cases of active fasci-
oliasis (actively metabolizing flukes) both in sheep (1 fluke) and 
in cattle (1-2 flukes) some weeks before the start of egg shed-
ding. The MM3-COPRO ELISA is also useful for monitoring 
the efficacy of antihelminthic treatment, since the release of 
coproantigens ceases in infected animals within 1 to 3 wk after 
anthelminthic treatment. 
Despite the advantages of coprological tests for diagnosing 
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fascioliasis in individual animals, there is also an increasing 
demand for specific serological tests for the detection of anti-
F. hepatica antibodies in serum and milk. Compared with co-
proantigen determinations, serological tests typically allow ear-
lier detection and allow detection of both current and past in-
fections, since circulating antibodies remain detectable for some 
time even if infected animals have been treated. In addition, 
serological tests for determination of anti-F. hepatica antibod-
ies can easily be carried out using the same serum samples 
obtained to monitor other common infectious, e.g., viral or bac-
terial, diseases of cows and sheep. 
For the detection of anti-F. hepatica circulating antibodies, 
we have previously developed a test based on the use of an 
FPLC-purified fraction (fraction IV) of the whole excretory-
secretory antigens (ESAs) of F. hepatica (Mezo et aI., 2003). 
This test (fraction-IV ELISA) proved to be highly specific and 
sensitive for detection of fascioliasis in cows and sheep, but 
production of the purified antigens is time consuming and may 
show interbatch variations. Interestingly, however, several rel-
evant antigens included in this purified fraction (range 7-40 
kDa) are also recognized by our mAb MM3, which, as men-
tioned above, is useful for detection of coproantigens released 
by adult flukes (Mezo et aI., 2004). We have, therefore, de-
signed a new capture ELISA test (MM3-SERO) based on MM3 
and have tested its usefulness for detecting anti-F. hepatica 
antibodies in sera from infected sheep. The advantages of this 
method in comparison with our previous test (fraction-IV 
ELISA), and with the classical indirect ELISA using whole 
ESAs from F. hepatica, were also investigated. 
MATERIAL AND METHODS 
Serum samples 
Five groups of ovine sera (Groups A-F) were used in this study. The 
group A sera were obtained from 35, 4-mo-old helminth-naive lambs 
(reared indoors) that were sampled just before slaughter. The absence 
of helminths was confirmed both visually and coproscopically. 
The group-B sera came from 50, 4- to 6-mo-old grazing lambs of a 
fluke-free herd. Serum samples were taken from each animal just before 
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inspection to confirm the absence of fascioliasis. Other parasitic infec-
tions were diagnosed by visual examination and microscopic analysis 
of feces, revealing that 4 of the 50 lambs did not have detectable par-
asite infections, whereas the remaining 46 had intestinal nematodes 
from I or more genera of Trichostrongylidae, Molineidae (Nematodirus 
spp.), Ancylostomatidae, Strongylidae, and Trichuridae (Trichuris spp.). 
Among the 46 parasitized animals, 21 had gastrointestinal nematodes 
alone, whereas the remaining 25 had double or triple infections with 
lung nematodes (Cystocaulus ocreatus, Dictyocaulus filariae, and/or 
Neostrongylus linearis), Moniezia spp., and/or Cysticercus tenuicollis. 
The group-C sera were taken at 150 days PI from 6 lambs experi-
mentally mono-infected with 3,000 (n = 3), 5,000 (n = 2), or 9,000 (n 
= 1) metacercariae of Dicrocoelium dendriticum. 
The group-D sera came from 21, 4-mo-old lambs reared under par-
asite-free conditions and subsequently infected once with 5 (n = 3), 10 
(n = 3), 20 (n = 3), or 40 (n = 12) F. hepatica metacercariae obtained 
in our laboratory from experimentally infected Lymnaea truncatula 
snails. Six of the 12 lambs infected with 40 metacercariae were treated 
with a single oral dose of 10 mg/kg of triclabendazole (Fasinex 5%, 
Novartis Animal Health, Barcelona, Spain) at 14 wk PI. Serum samples 
were taken from each animal just before infection and then weekly for 
18 wk PI. At the end of the experiment (18 wk PI), all animals were 
necropsied, and all liver parasites collected. Infection was monitored by 
weekly counting of the number of eggs in the feces by a sedimentation 
technique (Anderson et aI., 1999) with a sensitivity of 2 eggs per gram 
of feces (e.p.g.). Feces of treated lambs were also analyzed for the 
presence of coproantigens using our previously described MM3-CO-
PRO ELISA test (Mezo et aI., 2004). 
The group-E sera (control) were obtained from 4 uninfected 4-mo-
old lambs raised under the same conditions as for group D. 
Fasciola hepatica excretory-secretory antigens 
Fasciola hepatica excretory-secretory antigens (ESAs) were obtained 
as described previously (Mezo et aI., 2003). Briefly, live adult flukes 
collected from bile ducts of naturally infected cows were washed, first 
in sterile saline solution containing antibiotics (100 IU/ml penicillin and 
100 ILg streptomycin) and glucose (2 mg/m!) at 38 C, and then in Ro-
swell Park Memorial Institute (RPMI) cell culture medium (RPMI 1640 
supplemented with 20 mM HEPES, 0.3 gIL L-glutarnine, 2 gIL sodium 
bicarbonate and antibiotics) at 38 C under 5% CO2 in air. Flukes were 
then transferred to a 75-cm2 tissue culture flask (Iwaki, Sciteck Div. 
Asabi Techno Glass, Funabashi City, Chiba, Japan) and maintained in 
culture medium (3 mlIfluke) at 38 C under 5% CO2 in air. After 24 hr 
of incubation, the medium containing ESA was removed and centri-
fuged at 10,000 g for 20 min at 4 C in the presence of protease inhib-
itors. The supernatant was passed through a 0.45-ILm pore filter disk 
and then concentrated using an Amicon 8050 ultrafiltration cell (Ami-
con Inc., Beverly, Massachusetts) equipped with a YMlO membrane 
(10,000 molecular weight cut-off), dialyzed against phosphate-l1uffered 
saline (PBS; 10 mM sodium phosphate buffer, 150 mM NaCI, pH 7.4), 
sterilized by filtration, and stored at - 80 C until required. Protein con-
centration was measured by the bicinchoninic acid method (BCA; 
Pierce Biotechnology Inc., Rockford, Illinois). 
A fraction containing F. hepatica-specific antigens was purified from 
whole worm ESAs by size-exclusion chromatography using a fast pro-
tein liquid chromatography system (AKTA Basic 10, Amersham Bio-
sciences Europe GmbH, Barcelona, SPaln) on a Superdex 75 HR 10/30 
column (Amersham Biosciences), as described previously (Mezo et aI., 
2003). The fractions in the fourth peak (peak IV), which eluted between 
chymotrypsinogen A (25 kDa) and ribonuclease A (13 kDa), were 
pooled, concentrated by ultrafiltration using Centricon YM-lO centrif-
ugal filter devices (Millipore Corporation, Bedford, Massachusetts), and 
stored at -20 C until use. Some of these antigens were O-deglycosy-
lated with 0.01 M NaOH as desribed previously (Lorenzo et aI., 2000) 
and used to immunize mice as indicated below. 
Monoclonal antibodies 
The IgG 11K monoclonal antibody MM3 was obtained by fusion with 
P3-X63-Ag8.653 myeloma cells of spleen cells from BALB/c mice hy-
perimmunized with the F. hepatica O-deglycosylated antigens con-
tained in peak IV, as described previously (Mezo et al., 2004). MM3 
antibodies were purified from the ascitic fluid by sequential precipitation 
with caprylic acid and saturated ammonium sulphate, as described by 
Perosa et al. (1990). The precipitate was resuspended in a small volume 
of PBS and exhaustively dialyzed against PBS. After determining the 
protein concentration by the BCA method, the solution was diluted with 
glycerol 1:1 (v:v) and stored at -20 C. 
Capture ELISA for the detection of IgG antibodies against F-
hepatica antigens recognized by the Mab MM3 (MM3-SERO 
ELISA) 
All ovine sera were analyzed by the MM3-SERO ELISA, as follows. 
Polystyrene microtiter plates (Nunc Immuno Plate Maxisorp Surface, 
NUNC, Roskilde, Denmark) were coated for 2 hr at 37 C with MM3 
(100 ILl/well of a solution containing 5 ILglml protein in PBS), and the 
uncoated sites were blocked with 5% dry skimmed milk in PBS. After 
washing once with PBS, 100 ILl of either F. hepatica ESAs (0.15 ILg 
total protein) in PBS containing 0.2% Tween 20 and 1 % dry skimmed 
milk (PBS-T), or 100 ILl of PBS-T only, were added to odd (Ag+) and 
even (Ag-) plate rows, respectively, and then incubated for 1 hr at 37 
C. After washing 6 times, 100 ILl of each diluted serum sample (dilution 
1:200 in PBS-T) was added to each Ag+ and Ag- ELISA well in 
duplicate. Plates were then incubated for 2 hr at 37 C, washed as above, 
and then incubated at 37 C for 1 hr with 100 ILl/well of peroxidase-
conjugated anti-sheep IgG mAb (Sigma Aldrich, Madrid, Spain; 1: 
30,000). After washing as above, mAb binding was revealed by adding 
100 ILl/well of a solution containing the substrate (buffered H20 2 and 
o-phenylenediamine; Sigma). After incubation with the substrate for 30 
min at room temperature, optical density (OD) was measured at 492 
nm in a Rainbow Thermo reader (Tecan, Mannedorf, Switzerland). The 
OD value for each sample was calculated as ODI-0D2, where ODI is 
the mean for the 2 Ag+ wells, and OD2 is the mean for the 2 Ag-
wells. 
Indirect ELISA for the detection of IgG antibodies against F-
hepatica antigens present in the peak IV (peak-IV indirect ELISA) 
All sera were also analyzed by the peak-IV indirect ELISA as pre-
viously described (Mezo et al., 2003). Polystyrene microtiter plates 
(Nunc Immuno Plate Maxisorp Surface) were coated with the peak-IV 
antigen in 0.05 M carbonate buffer, pH 9.6 (100 ILl/well of a solution 
containing 10 ILg/ml protein). Sera and peroxidase-conjugated anti-
sheep IgG mAb (Sigma Aldrich) were diluted in PBS-T at 1:200 and 
1 :30,000, respectively. Absorbances were read as above. 
Indirect ELISA for the detection of IgG antibodies against F, 
hepatica whole ESA (ESA indirect ELISA) 
Sera from F. hepatica-free sheep were also analyzed in an indirect 
ELISA with F. hepatica whole ESA as target. The assay was performed 
as described above for peak-IV indirect ELISA, but using a solution of 
whole ESA (containing 10 ILg/ml protein) for coating microtiter plates, 
and a serum dilution of 1:400. 
Evaluation of the anthelminthic treatment by detecting F. 
hepatica coproantigens with Mab MM3 
Feces from triclabendazole-treated lambs were analyzed in ELISA 
for detection of F. hepatica coproantigens, as described previously 
(Mezo et al., 2004). Fecal supernatants were prepared by centrifugation 
at 1,000 g for 10 min of fecal samples prepared by mixing individual 
ovine stools with distilled water (1 g + 4 ml). Polystyrene microtiter 
plates were coated for 2 hr at 37 C with anti-F. hepatica (antigen 
fraction IV) rabbit polyclonal IgG (100 ILl/well of a solution containing 
10 ILg/ml protein) in 0.05 M carbonate buffer, pH 9.6 (positive wells), 
or with IgG from nonimmunized rabbit at the same concentration (neg-
ative control wells). After blocking, each fecal supernatant was added 
in duplicate (100 ILl/well) and incubated overnight at 4 C with shaking. 
After washing 6 times, 100 ILl of PBS-T containing 0.3 ILg of Mab 
MM3 was added to each well, and the plates were incubated for 90 min 
at 37 C. After again washing 6 times, bound MM3 was detected by 
incubation first with peroxidase-conjugated goat anti-mouse IgG (Bio 
Rad; Richmond, California; 1:3,000 in PBS-T for 1 hr at 37 C) and 
then with OPD (Sigma-Aldrich), with incubation and OD measurements 
as for antibody detection. The OD value for each sample was calculated 
as ODI-0D2, where ODI is the mean for the 2 positive wells, and OD2 
is the mean for the 2 negative control wells. 
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FIGURE 1. Effects of serum dilution on the signal-to-noise values 
obtained in the MM3-SERO assay. Titration curves were obtained by 
testing serum samples taken at 8 wk PI from lambs experimentally 
infected with F. hepatica (squares) and uninfected control lambs (cir-
cles). Each point represents the mean OD value (±SD) of 6 sera from 
infected lambs 0-36 flukes) and 4 sera from control lambs. 
Statistics 
The cut-offs were calculated from the OD values for ovine sera from 
groups A-C (not infected with F. hepatica). Specifically, an OD value 
was considered to indicate presence of antibody if it was above the cut-
off calculated as the mean plus 4 SDs of the OD values obtained these 
fluke-free groups. OD values for sera obtained weekly from experimen-
tally infected and naIve sheep were compared by analysis of variance, 
with Duncan's test for comparison of means. The correlation between 
fluke burden and OD values at the time at which conversion first oc-
curred (3 wk PI) was investigated by simple linear regression. A prob-
ability of P < 0.05 was considered to be significant. All statistical 
analyses were done with the SAS package (SAS Institute, Cary, North 
Carolina). 
RESULTS 
Usefulness of the MM3-SERO ELISA for serodiagnosis of 
sheep fascioliasis 
To investigate the usefulness of the MM3-SERO ELISA for 
serodiagnosis of sheep fascioliasis, we first investigated the ef-
fect of serum dilution on the signal-to-noise ratio (and detection 
limit) of the assay. For this experiment, we tested 6 sera from 
group-D lambs (with 1-40 adult fluke.s,at the end of the ex-
periment) obtained at wk 8 PI (antibody plateau phase) and 4 
sera from group-E lambs (uninfected control), and tested them 
at serial one-half dilutions (from 1:12.5 to 1:25,600). As shown 
in Figure 1, maximal signal-to-noise values were obtained with 
sera at I: 100 dilution or lower. Lowering serum dilutions (even 
to I: 12.5) did not alter signal-to-noise values, indicating that 
low serum dilutions can be used to detect trace levels of anti-
Fasciola antibodies without increasing the background of the 
assay. The assay was also able to detect anti-F. hepatica IgG 
antibodies at higher serum dilutions ranging from 1 :6,400 to 1: 
25,000 (Fig. 1), this latter was achieved only with sera from 
lambs having a moderate fluke burden (28 flukes). 
The specificity of the MM3-SERO ELISA for the serodiag-
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FIGURE 2. Histogram showing antigenic cross-reactivities obtained 
with 3 F. hepatica antigen preparations (whole ESA, peak-IV fraction, 
and MM3-captured antigens) used for serodiagnosis of F. hepatica in-
fections in sheep. The figure shows mean OD values (±SD) for sera 
from group A (naive lambs, reared indoors; n = 35), group B ( lambs 
naturally infected with nematodes and cestodes, n = 50), and group C 
(lambs experimentally infected with D. dendriticurn; n = 6). 
nosis of fascioliasis was assessed using sera from sheep not 
infected with F. hepatica (groups A-C). These groups included 
helminth-naive lambs (group A, reared indoors), grazing lambs 
most of which harboured gastrointestinal nematodes as well as 
lung nematodes and cestodes (group B), and lambs experimen-
tally mono-infected with D. dendriticum (group C). The spec-
ificity of the antigen recognized by mAb MM3 was compared 
with those of the whole ESAs and the peak-IV fraction (purified 
from whole ESA by size-exclusion chromatography). The pres-
ence of other parasite infections did not influence the results 
obtained in the MM3 capture ELISA because the OD values 
obtained were extremely low in all groups (0.016 ± 0.019 for 
group A; 0.004 ± 0.006 for B; 0.025 ± 0.028 for group C; Fig. 
2). As expected, the specificity of peak IV was also confirmed, 
since the OD values for these 3 groups were also low and sim-
ilar in indirect ELISA with this fraction (0.128 ± 0.030 for 
group A; 0.111 ± 0.031 for group B; 0.101 ± 0.021 for group 
C). In contrast, some of the sera, mainly in group C (experi-
mentally infected with D. dendriticum), displayed high reactiv-
ities in indirect ELISA with whole ESA. The high cross-reac-
tivity of F. hepatica whole ESAs is best appreciated in the 
absorbance values obtained for each individual serum from 
groups A-C in ELISAs of this antigen preparation (Fig. 3): in 
contrast with the peak-IV and MM3-SERO ELISAs, most of 
the sera gave high OD values, with 10/91 sera exceeding 0.5 
OD. 
The cut-off value for the MM3-SERO ELISA, calculated on 
the basis of OD values obtained for sera from all F. hepatica-
negative lambs (groups A-C; n = 91), was 0.074 (= mean 
[0.010] + 4 SD [0.016]). The precision of the assay was esti-
mated by comparing the results of 4 replicates of 8 known 
positive sera in 10 runs. The intra- and interassay coefficients 
of variation were 1.4% and 5.2%, respectively. 
To evaluate the sensitivity of the new assay, we studied for 
18 wk the kinetics of recognition of the antigen captured by the 
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FIGURE 3. Distribution of OD values obtained in indirect ELISA 
(target ESAs), indirect ELISA (target peak-IV antigens), and capture 
ELISA (target MM3-captured ESA antigens) for the 91 serum samples 
obtained from F. hepatica-negative lambs (groups A-C). Each symbol 
(circle) represents the OD value obtained for each individual serum 
tested with each of the 3 ELISA methods. Horizontal lines show cut-
off values, calculated as mean +4 SD of the OD values for these sera 
(1.164 for ESA, 0.242 for peak-IV, and 0.074 for MM3-SERO). 
mAb MM3, using sera from lambs experimentally infected 
(Group D; n = IS) with a very small number of metacercariae 
(S-40) and from un infected control lambs (Group E; n = 4). 
The sensitivity of the MM3 capture ELISA was compared to 
that of the indirect ELISA with the antigens of peak IV, whose 
sensitivity for serodiagnosis of early fascioliasis has been dem-
onstrated previously (Mezo et aI., 2003). 
The kinetics of antibody response using the MM3-SERO 
ELISA as shown in Fig. 4A. OD values for lambs infected with 
10-40 metacercariae increased rapidly between wk 3-S PI (dif-
ferences significant with respect to group D from 3 wk PI on-
wards) and then remained roughly stable (Fig. 4A); OD yalues 
for lambs infected with only S metacercariae showed a similar 
pattern, though lagging 1 wk behind the response to higher 
infection doses. OD values for uninfected control lambs re-
mained low throughout the 18-wk period (0.000-0.026). 
When the same sera were tested by indirect ELISA with peak 
IV (Fig. 4B), OD values for lambs infected with 10-40 meta-
cercariae increased more or less stt;adily between wk 4 and 8 
PI (differences significant with respect to group D from 4 wk 
PI onwards) and then reached a plateau. OD values for lambs 
infected with S metacercariae showed a similar pattern, al-
though with a l-wk lag (differences significant with respect to 
group D from S wk PI onwards) and a decrease in the signal 
at 13 wk PI. OD values for control lambs always remained 
below the cut-off value (0.242). 
The signal-noise ratio in the MM3-SERO ELISA was far 
higher than that in the peak-IV ELISA, so that the former assay 
detected seroconversion 1 wk earlier on average (3.2 :±: 0.4 wk 
PI vs. 4.2 :±: 0.9 wk PI; Table I). Antibody response as detected 
by MM3-SERO ELISA was more uniform with seroconversion 
always occurring at 4 wk PI in sheep with 1-2 flukes and at 3 
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FIGURE 4. A comparative study of the peak-IV and MM3-SERO 
ELlS As for detection of anti-F. hepatica antibodies in serum from in-
fected lambs. The figure shows mean OD values (:tSD) obtained with 
MM3-SERO ELISA (A) and the peak-IV ELISA (B) using sera from 
Iambs infected with 40 metacercariae (inverted triangles, n = 6), 20 
metacercariae (triangles, n. = 3), 10 metacercariae (circles, n = 3), 5 
metacercariae (squares, n = 3), or vehicle only (uninfected control, 
crosses, n = 4) at different times after infection. 
wk PI in animals with more than 2 flukes. Moreover, there was 
a significant positive correlation (r = 0.719) between the par-
asite burden at necropsy and the optical density value in MM3-
SERO ELISA at 3 wk PI. Parasite eggs were not detected until 
8-13 (mean lOS:±: 1.1) wk PI. 
Kinetics of antibodies in sheep after triclabendazole 
treatment 
The MM3-SERO ELISA was also used to test sera from 6 
lambs experimentally infected with 40 F. hepatica metacercar-
iae and then treated with tric1abendazole in wk 14 PI (group D; 
n = 6). The efficacy of the treatment was monitored on the 
basis of F. hepatica antigen levels detected in feces with the 
MM3-COPRO ELISA. Necropsies performed at the end of the 
study confirmed that none of the treated animals had flukes. 
Differences between the kinetics of anti-F. hepatica circu-
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TABLE I. Weeks PI when seroconversion and eggs were first detected in experimentally infected lambs. Fluke burdens were recorded at necropsy. 
Seroconversion week was that in which the OD value exceeded the cut-off (0.242 for peak-IV ELISA, 0.074 for MM3-SERO ELISA) for the 
first time. 
Fluke burden* 
1 (n = 1) 
2 (n = 2) 
3 (n = 4) 
4 (n = 1) 
5 (n = 1) 
12 (n = 2) 
13 (n = 1) 
15 (n = 1) 
28 (n = 1) 
36 (n = 1) 
Mean ::': SD 9.5 ::': 10.4 
First egg detection 
(week PI) 
10 
10,13 
10,10,10,11 
8 
10 
10, 11 
11 
12 
10 
11 
Mean ::': SD 10.5 ::': 1.1 
* n = number of animals having the same fluke burden. 
lating antibodies and F. hepatica coproantigen were observed 
both at the beginning of the infection and after removing flukes 
by treatment (Fig. 5). Specific antibody levels increased early 
(3 wk PI) and remained high throughout the 18-wk observation 
period. In contrast, after fluke elimination with triclabendazole, 
antibody levels gradually dropped over the 4 wk of observation. 
Coproantigens were first detected 3-4 wk later (6-7 wk PI), 
but became undetectable between 1 wk (5 lambs) and 3 wk (1 
lamb) after flukicide treatment. 
DISCUSSION 
In the past 2 decades, several investigators have searched for 
specific and sensitive methods for the serodiagnosis of fascio-
liasis in ruminants. Some key methods have included ELISA 
tests using whole F. hepatica ESAs (Espino et aI., 1987; Rivera 
Marrero et aI., 1988; Itagaki et al., 1995; Ortiz et al., 2000; 
Salimi-Bejestani et aI., 2005) and, more recently, purified and 
recombinant cathepsins (O'Neill et al., 1999; Cornelissen et al., 
2001; Neyra et aI., 2002; Espinoza et aI., 2005; Sriveny et aI., 
2006) and other recombinant antigens (Silva et al., 2004; paz-
Silva et aI., 2005; Arias et aI., 2006). Some of these immun"o-
assays have proved to be sensitive enough to detect anti-F. 
hepatica antibodies during the prepatent period in sheep and 
cows with moderate-to-severe F. hepatica infections, but they 
have not yet been tested for the diagnosis of low-intensity in-
fections, i.e., animals harboring primary infections with fewer 
than 10 juvenile or adult flukes. In addilipn, the specificity and! 
or sensitivity of these methods is usually below 100%, and most 
of them are not available commercially. 
In a previous study (Mezo et aI., 2004), we reported that an 
antigenic fraction obtained by FPLC fractionation of F. hepat-
ica ESAs (peak IV) can be used in indirect ELISA for the 
serodiagnosis of ovine fascioliasis with 100% specificity, even 
in animals with low-intensity infections. The MM3-SERO sand-
wich ELISA described in the present study is likewise 100% 
specific and shows a number of advantages over the peak-IV 
ELISA. 
The MM3-SERO ELISA detected lambs harboring only 1-2 
flukes by wk 4 PI, and lambs with 3 or more flukes by wk 3 
PI. In contrast, peak-IV ELISA revealed the same infections 
Seroconversion (week PI) 
Peak-IV indirect ELISA 
5 
5,6 
3,3,4,5 
4 
5 
3, 4 
4 
5 
4 
3 
Mean::': SD 4.2 ::': 0.9 
MM3 capture ELISA 
4 
4,4 
3,3,3,3 
3 
3 
3,3 
3 
3 
3 
3 
Mean ::': SD 3.2 ::': 0.4 
more frequently by wk 5-6 PI. Although the week at which 
infection is detected within the prepatent period of fascioiasis 
in livestock is not of major relevance because these analysis 
are carried out at most 1 or 2 times a year, prompt detection 
may be of interest for the early immunodiagnosis of individual 
animals, for the dairy industry, which may be interested in di-
agnosing F. hepatica infections in milk samples, and for certain 
types of epidemiological study. Recently Arias et aI. (2006) 
reported an indirect ELISA method for serodiagnosis of ovine 
fascioliasis that detects early infections in nearly half of trickle-
infected animals by wk 1-2 post-initial infection. However, this 
method was reported to have a sensitivity of only 91 % and a 
specificity of 86%, and, contrary to MM3-SERO ELISA, it was 
never evaluated using sera from experimental primary infec-
tions with a low-intensity metacercaria dose. Testing of low-
intensity infections may be relevant, since subclinical infections 
are the most frequent form of disease in ruminants (Anderson 
et al., 1999; Mezo et aI., 2004), and also contaminate pastures, 
thus perpetuating the parasite cycle. 
Like our previously described peak-IV ELISA test, the 
MM3-SERO proved to be 100% specific, even when testing 
sera from lambs infected with D. dendriticum (group C), a 
trematode that as observed in the present study and previously 
reported (Revilla-Nuin et aI., 2005), bears antigens that are 
highly cross-reactive with F. hepatica. Furthermore, compared 
with the peak-IV ELISA and other previously reported ELISA 
methods, the MM3-SERO test showed the best signal-to-noise 
ratio, together with a very low nonspecific binding (NSB) sig-
nal. Interestingly, the NSB values remained unvariable even 
when testing sera at a very low dilution (1:12.5). 
It should be emphasized that the MM3-SERO ELISA was 
able to recognize as positive serum samples from low-dose in-
fected sheep up to serum dilutions as high as 1:12,500. This 
finding, together with the above-mentioned low NSB signal, is 
of great interest, as it suggests that the assay may be of value 
for detecting antibodies in milk samples from dairy cows, in 
which the concentration of antibodies is significantly lower than 
in serum. Specifically, the concentration of IgGI (the predom-
inant IgG isotype) in milk of ruminants, e.g., sheep and cattle, 
is only about 5% of that in serum (Farrell et aI., 2004) . 
• 
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FIGURE 5. Kinetics of anti-F. hepatica antibodies (A) and coproan-
tigens (B) in infected lambs analyzed by the MM3-SERO and MM3-
COPRO methods, respectively. The figure shows OD readings obtained 
at different weeks PI for the untreated (square, n = 6) and treated 
(circles, n = 6) groups. All lambs were infected with 40 metacercariae 
of F. hepatica. Treatment with triclabendazole was done at wk 14 PI. 
The high dilution titer at which the MM3-SERO ELISA can 
detect positive samples is probably due to the fact that this 
assay simultaneously detects anti-F. hepatica antibodies against 
several specific parasite antigens tha),are captured by the MM3 
antibody (Mezo et al., 2004). However, considering that mAb 
MM3 comes from spleen cells of mice immunized with peak-
IV antigens of F. hepatica, it also seems probable that the above 
advantages of the MM3-SERO ELISA compared with the peak-
IV ELISA are favorably influenced by the spatial arrangement 
of the antigen in capture ELISA, which increases OD values 
while reducing NSB. A similar result was observed using a 
capture ELISA with mAb US4 (Escalante et aI., 2004) for the 
serodiagnosis of human trichinellosis. Nevertheless, since the 
F. hepatica antigens present in peak IV are considerably more 
complex than those recognized by MM3, it is also possible that 
the lower signal-to-noise ratio observed in the peak-IV ELISA 
was due to a suboptimal proportion of antigenically relevant 
proteins coupled to the plate wells, compared with the MM3-
SERO ELISA. Other possibilities, for example, that antigens 
from peak-IV were less specific than those captured by MM3, 
can probably be ruled out if we consider that there were no 
significant differences in the OD values obtained with sera from 
sheep infected with D. dendriticum and other F. hepatica-free 
animals (see Fig. 1). 
With respect to the general use of the ELISA method pro-
posed, we would note 2 possible limitations that are inherent 
to the development of any capture ELISA method for the de-
tection of circulating antibodies in human or animal species. 
First, some serum samples contain heterophilic-like antibodies, 
which may bind to the MM3 capture antibody, thus producing 
false positive reactions (Hennig et aI., 2000; Bjerner et al., 
2002; Ellis and Livesey, 2005). Second, a capture ELISA re-
quires more steps than an indirect ELISA to perform the anal-
ysis. 
In regard to the first possible problem, we have observed that 
about 5% of sera contain antibodies that show some reactivity 
with MM3. However, since in the MM3-SERO method each 
serum to be tested is assayed simultaneously in a positive 
(MM3 plus antigen) and a negative (MM3 alone) well, any 
positive signal observed in the negative well is subtracted from 
the signal obtained in the positive well. Consequently, the pres-
ence of heterophilic-like and even anti-idiotypic antibodies in 
serum samples should not have negative consequences for the 
sensitivity or specificity of the assay. 
The number of steps in an ELISA test may not be a major 
issue for research laboratories, but is relevant when the test is 
applied in the field. In the present case, this drawback could be 
easily resolved by producing ready-to-use MM3-SERO ELISA 
plates in which the specific F. hepatica Ag is first captured by 
MM3, and the MM3-Ag complex formed is then stabilized and 
dried. 
An interesting finding of the present study was that the an-
tigens recognized by MM3 cannot only be used as a target for 
determination of anti-F. hepatica circulating antibodies, but can 
also be detected subsequently as coproantigens in the feces of 
infected sheep. This is of special interest, as these methods can 
be used in combination to confirm the positivity or negativity 
of any doubtful sample, and to monitor F. hepatica infections 
throughout all life phases of the parasite. 
It has been reported that F. hepatica ESAs contain more than 
60 different antigens that can be shed via the mouth, median 
pore, or tegument of the parasite (Jefferies et aI., 2001). It is 
thought that some of these proteins have a number of relevant 
effects on the host immune system, including suppressive and 
modulatory effects that are relevant for survival of the parasite 
(Zhang et aI., 2005). Although the composition and function of 
the antigens recognized by MM3 have not yet been identified, 
these antigens can be expected to be functionally relevant for 
the parasite, since their release starts in juvenile flukes at the 
beginning of the infection (most probably at the end of the first 
wk), then continues during the parasite maturation period and 
after reaching the adult stage in the bile ducts. In these circum-
stances, it seems reasonable to assume that the host immune 
system is continuously stimulated by these antigens, which 
could explain why antibody levels remained invariably high 
throughout the observation period. Our observation that the 
killing of flukes with triclabendazole led to a drop of about 25% 
• 
in OD values over a period of 4 wk is in agreement with this 
hypothesis. In contrast, other relevant F. hepatica antigens, e.g., 
cathepsins Band L, seem to be expressed only temporarily 
during the parasite infection (Law et aI., 2003). 
Finally, it should be noted that preliminary studies carried 
out in our laboratory seem to indicate that MM3-SERO may 
not be useful only for sheep, but that it is also a highly specific 
and sensitive method for the early determination of anti-F. he-
patica antibodies in serum and milk of ruminants. Future stud-
ies will also be necessary to assess whether this test is specific 
for F. hepatica or may also be of value for detection of Fasciola 
gigantica infections present in Africa and Asia. Commercial 
versions of both the MM3-COPRO and MM3-SERO ELISA 
are currently available from BIO-X Diagnostics (La Jemelle, 
Belgium). 
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PREVALENCE OF THE B.OPYRID ISOPOD PROBOPYRUS PANDALICOLA IN THE 
GRASS SHRIMP, PALAEMONETES PUG/O, IN FOUR TIDAL CREEKS ON THE 
SOUTH CAROLINA-GEORGIA COAST 
Sue A. Chaplin-Ebanks and Mary Carla Curran* 
Department of Natural Sciences and Mathematics, Marine Sciences Program, Savannah State University, PO. Box 20600, 
Savannah, Georgia 31404. e-mail: curranc@savstate.edu 
ABSTRACT: The grass shrimp, Palaemonetes pugio, is an important food source for many invertebrate and fish species, including 
several of commercial importance. The bopyrid Probopyrus pandalicola prevents reproduction in P. pugio by sexual sterilization, 
The purpose of our research was to determine bopyrid prevalence in grass shrimp over the course of a year. Shrimp were collected 
from 2 estuarine systems in South Carolina and 2 estuarine systems in Georgia and examined for parasite presence, sex, and 
gravidity. Site-specific monthly prevalence ranged from 0 to 6.3%. Country Club Creek had the maximum mean ± SE prevalence 
of 3,1 ± 0.3%, and Harbour Town had the minimum of 1.3 ± 0.3%. Maximum prevalence was concurrent with peak gravidity 
for Moon River; thus, at this site the negative effect of this parasite on reproductive output may be greater. Reduced egg production 
may affect grass shrimp abundance and ultimately the recruitment success of its predators. 
Palaemonetes spp. are abundant along the eastern coast of 
the United States (Welsh, 1975; Sikora, 1977; Kneib and Stiven, 
1982; Kneib, 1987) and in the Gulf of Mexico (Anderson, 
1985). The grass shrimp, Palaemonetes pugio, is a decapod 
crustacean that has omnivorous dietary habits and is prey for 
numerous predators, including white shrimp, Penaeus setiferus 
(Kneib and Knowlton, 1995); blue crabs, Callinectes sapidus; 
striped bass, Morone saxatilis (Davis et aI., 2003); and summer 
flounder, Paralichthys dentatus (Manderson et al., 2000), all of 
which have commercial value. Palaemonetes pugio feeds pri-
marily on nematodes and other small invertebrates (Welsh, 
1975; Overstreet, 1978; Kneib, 1987; Posey and Hines, 1991), 
but it also feeds on detritus by which refractory material is 
transformed into a food source more available to organisms in 
higher trophic levels (Welsh, 1975). Palaemonetes pugio re-
leases fecal pellets, ammonia, and phosphate that are used in 
the microbial loop (Welsh, 1975; Sikora, 1977). 
The grass shrimp is a host for numerous parasites, including 
protozoans (Overstreet, 1978), leeches (Overstreet, 1978; S. 
Chaplin-Ebanks, pers. obs.), trematodes (Heard and Overstreet, 
1983; Pung et aI., 2002), and isopods (Anderson, 1972; Over-
street, 1978). Palaemonetes pugio is the definitive host for the 
bopyrid isopod Probopyrus pandalicola (Tucker, 1930). Bopy'r-
ids usually infect juvenile shrimp and are retained until the 
shrimp dies (Pike, 1960; Beck, 1980). The first larva to attach 
to the decapod host develops into a female, and the subsequent 
larvae develop into males, the first male is reproductively active 
and attaches to the large female (Kensley and Schotte, 1989). 
During maturation of the parasites in the shrimp branchial 
chamber, the female parasite expands with eggs. The epicaridan 
larvae are released from the marsupium of the female bopyrid 
when the shrimp molts (Beck, 1980; Owens and Rothlisberg, 
1995). The larvae then infect their intermediate host, a calanoid 
copepod, and metamorphose into the microniscus and crypton-
iscus stages before detaching from the copepod and attaching 
in the gill chamber of a grass shrimp (Beck, 1980). 
Probopyrus pandalicola prevents shrimp reproduction (Pike, 
1960) and reduces shrimp respiration and metabolism (Ander-
son, 1972). Bass and Weiss (1999) noted that the parasite re-
Received 31 May 2005; revised 7 July 2006; accepted 2 October 
2006. 
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duces the activity level of grass shrimp during the first 24 hr 
after feeding; however, we found no statistically significant ef-
fect of the bopyrid on activity levels of grass shrimp in a lab-
oratory setting during which we controlled for the effects of 
both light and tidal stage, which did influence behavior (Chap-
lin-Ebanks and Curran, 2005). Shrimp parasitized by bopyrids 
are removed from the reproductive population because both 
males and females are sexually sterile, and males are feminized 
by reduced chelae length (Pike, 1960; Anderson, 1972). Bo-
pyrids disrupt the normal mechanical functioning of the gills, 
probably because the parasites fill much of the available space 
within the branchial cavity (Morris, 1948; Anderson, 1972). 
Bopyrid parasitism has been reported in several crustaceans, 
including hermit crabs (Markham, 2003), lobsters (Williams 
and Brown, 1972), and shrimp (Morris, 1948; Jay, 1989). Her-
mit crabs in the Paguroidea superfamily are infected by 74 bo-
pyrid species (Markham, 2003). In the squat lobster, Munida 
iris, collected during June in North Carolina, 10% were para-
sitized by a bopyrid (Williams and Brown, 1972). The bopyrid 
Argeia pugettensis infected 3% of caridean shrimp, Crangon 
franciscorum (5,790 shrimp), collected during an annual study 
in Hookton Channel, South Humboldt Bay, California (Jay, 
1989). Of the parasitized shrimp, 85% were female, which is 
significant because these parasites sexually sterilize their host, 
preventing egg production. In Palaemonetes sp. collected in 
South River, Maryland, prevalence was only 0.5-0.9% (Morris, 
1948). In Chowan Creek, South Carolina, bopyrid prevalence 
in P. pugio averaged 4.6% for shrimp collected from June to 
August 2000 (M. Curran, unpubI. obs.). The purpose of our 
study was to test the null hypothesis that there was no differ-
ence in the prevalen~e of the bopyrid in P. pugio at 4 sites 
located on the South Carolina-Georgia coast. Additionally, we 
addressed whether temperature, salinity, dissolved oxygen con-
centration, or pH affected the prevalence of the bopyrid and 
determined the potential effect of the bopyrid on reproductive 
output by assessing the number of gravid females. 
MATERIALS AND METHODS 
Locality descriptions 
Two sites were selected in South Carolina. Chow an Creek 
(32°23'34"N, 800 36'49'W), the most northern site, is located between 
St. Helena Sound to the north and Port Royal Sound to the south. The 
region is relatively rural compared with the other 3 sites. The Harbour 
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FIGURE 1. Percentage of gravid females and mean prevalence (± 1 
SE) of the bopyrid Probopyrus pandalicola in grass shrimp, Palaemo-
netes pugio, collected from August 2003 through July 2004 from Cho-
wan Creek, South Carolina. The values below the month labels are the 
number of shrimp examined for the bopyrid. Breaks in the line are due 
to fewer than 62 shrimp being collected, the minimum number of 
shrimp required using a power test. The percentage of females that was 
gravid was assessed for 60 shrimp. Insufficient numbers of shrimp were 
collected in October 2003 to assess both gravidity and prevalence. 
Town site (32°08'22"N, 800 48'30'W) is in the Calibogue Sound Estuary. 
This site has several residential units and parking areas adjacent to the 
marsh and is known to be contaminated with polyaromatic hydrocar-
bons (Lee et aI., 2004). 
Two sites also were selected in Georgia. Country Club Creek 
(32°01'18"N, 81°03'24"W) is located in the upper Herb River-Wassaw 
Sound Estuary and is adjacent to the Savannah State University campus, 
which houses students 80-90% of the year. Initially, this tidal creek was 
sampled from a dock, but because P. pugio could not be collected 
consistently from that location, the collection site was relocated in No-
vember 2003 to an area less than 500 m from the dock. Moon River 
(31"57'04"N, 81°Q4'53'W) is located in the Ossabaw Sound Estuary and 
is the southern-most site. This collection site is bordered by a gravel 
parking lot and a busy 2-lane highway. 
Sampling procedures 
The Chowan Creek, Harbour Town, and Moon River sites were sam-
pled monthly from August 2003 through July 2004. Country Club 
Creek was sampled from November 2003 through October 2004. A 
maximum of 600 shrimp per sampling date was collected in 3 replicate 
tows by using a 3-m seine net at Chowan Creek and Moon River and 
a dip net at Country Club Creek and Harbour Town because the unstable 
substratum made seining unfeasible in the latter locations. Monthly 
prevalence was calculated as the mean of 3 seine tows or dip-net group-
ings with a target number of 200 shrimp for each grouping for each 
month. 
Shrimp species were identified using the key of Anderson (1985), 
and parasites were identified using a dissecting microscope. In addition 
to recording the presence or absence of !h.e bopyrid for the entire sam-
ple, sex was determined for a subs ample of 60 unparasitized shrimp 
and all parasitized shrimp for each sampling date. Shrimp sex was de-
termined in nongravid females based on the presence (male) or absence 
(female) of the appendix masculina on the second pair of pleopods 
(Anderson, 1985). The possible effect of the bopyrid on shrimp repro-
ductive output was estimated by determining the number of gravid fe-
males in the subsample. Salinity, temperature, and dissolved oxygen 
concentration were measured with an oxygen, conductivity, salinity, and 
temperature meter (model 85-1O-Ff, YSI Inc., Yellow Springs, Ohio). 
pH was measured with a hand-held field pH meter (Checkmite pH-20, 
Corning Inc., Corning, New York). 
All statistical analyses were completed using SAS/Stat statistical soft-
ware (SAS Institute, Cary, North Carolina). Based on power test results, 
only dates for which more than 62 shrimp were collected were used in 
the bopyrid prevalence analyses. Site comparisons were completed us-
ing the Kruskal-Wallis nonparametric analysis of variance procedure 
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FIGURE 2. Percentage of gravid females and mean prevalence (± 1 
SE) of the bopyrid Probopyrus pandalicola in grass shrimp, Palaemo-
netes pugio, collected from August 2003 through July 2004 from Har-
bour Town, South Carolina. The values printed below the month labels 
are the number of shrimp examined for the bopyrid. Breaks in the line 
are due to fewer than 62 shrimp being collected, the minimum number 
of shrimp required using a power test. The percentage of females that 
was gravid was assessed for 60 shrimp. Insufficient numbers of shrimp 
were collected in September 2003 and February 2004 to assess both 
gravidity and prevalence. 
(SAS Institute, 1999) on the monthly values because the data were not 
normally distributed even after arcsine transformation (Sokal and Rohlf, 
1994; Zar, 1999). Any variations in the sex ratio were analyzed using 
parametric analysis of variance. To assess temporal fluctuations of per-
centage of gravid females and prevalence, the Kruskal-Wallis nonpara-
metric analysis of variance was used because the data were not normally 
distributed despite arcsine transformation. Regressions between bopyrid 
prevalence and physical parameters were completed using a logistic 
regression because prevalence data were categorical (Zar, 1999). 
RESULTS 
In total, 21,820 shrimp were examined of which 487 were 
parasitized by P. pandalicola. Bopyrid prevalence was signifi-
cantly different among the 4 sites (Kruskal-Wallis, X2 = 17.5, 
df = 3, P = 0.0006). The highest prevalence was found at 
Country Club Creek, Georgia (3.1 ± 0.3% SE) followed by 
Moon River, Georgia (2.0 ± 0.3%), Chowan Creek, South Car-
olina (1.8 ± 0.4%), and Harbour Town, South Carolina (1.3 ± 
0.3%). The percentage of females that were parasitized did not 
vary significantly through time for pooled site values (P = 
0.92). There was also no significant difference in the number 
of females (263) versus males (224) parasitized by the bopyrid 
(P = 0.99). 
The reproductive season began later and was shorter for the 
South Carolina sites. Gravid shrimp were present from April 
through September at Chowan Creek (Fig. I), from April 
through August at Harbour Town (Fig. 2), and from March 
through September at Country Club Creek (Fig. 3) and Moon 
River (Fig. 4). There was no significant difference in the per-
centage of gravid females among sites (P = 0.20); however, 
gravidity was significantly higher in April, May, and August 
compared with March and June for all sites combined (P = 
0.04). 
There was no consistent trend in the temporal fluctuation of 
parasitism among the 4 sites. For Chowan Creek (Fig. I), bo-
pyrid prevalence varied significantly through time (P = 0.01) 
and was greater during the second half of the reproductive sea-
• 
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FIGURE 3. Percentage of gravid females and mean prevalence (± 1 
SE) of the bopyrid Probopyrus pandalicola in grass shrimp, Palaemo-
netes pugio, collected from November 2003 through October 2004 from 
Country Club Creek, Georgia. The values below the month labels are 
the number of shrimp examined for the bopyrid. The percentage of 
females that was gravid was assessed for 60 shrimp. 
son, with maximum values in July (5%) and August (6.3%). 
Gravidity in July was 31.8% and was 40.6% in August. Peak 
gravidity at Chowan Creek occurred in May (50%). At Harbour 
Town (Fig. 2), there was no significant difference in prevalence 
over time (P = 0.12). Peak prevalence (4.8%) occurred in Jan-
uary, and maximum gravidity (82.6%) occurred in April, which 
was the first month for which gravid shrimp were obtained. 
After April, the percentage of gravid females decreased through 
July. There was also a steady decrease in bopyrid prevalence 
from 1.8% in April to 0% in July. The only occasion in this 
study for which 600 shrimp were collected, but no shrimp were 
parasitized by the bopyrid, occurred at Harbour Town in July. 
For the 2 sites in South Carolina, Chow an Creek had higher 
bopyrid prevalence during the reproductive season (April-Sep-
tember), and Harbour Town had peak prevalence in winter. 
In Georgia, there were higher percentages of parasitized 
shrimp compared with the South Carolina sites and peak prev-
alence occurred during the reproductive season. At Country 
Club Creek (Fig. 3), bopyrid prevalence was higher November 
through May (monthly mean :::::3%) relative to the remainder"of 
the sampling period, and infection was significantly greater in 
February, April, and May than all other months (P = 0.002). 
During the initial peak in gravidity in April and May, parasitic 
infection was at its maximum (5.3 and 6.3%, respectively). 
There were fewer parasitized shrimp (mean <2%) during the 
second peak of the reproductive season~ which occurred in July 
and August, and values remained low through the end of the 
study. Maximum gravidity at Country Club Creek occurred in 
August (91.2%). In contrast, prevalence at Moon River (Fig. 4) 
peaked later in the summer in August with 3.7%, which was 
significantly higher than values for April, June, and July (P = 
0.04). Prevalence decreased to approximately 2.5% for the re-
mainder of the sampling period with an exception of April 
(0%), June (0.5%), and July (1.0%). Maximum gravidity was 
84.6% and was concurrent with peak prevalence in August. In 
April, the subsample that was examined for gravidity had only 
males; thus, no gravid females were recorded. Minimum bo-
pyrid prevalence at Moon River (0%) also occurred in April. 
Of the physical factors assessed, salinity was the only one 
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FIGURE 4. Percentage of gravid females and mean prevalence (± 1 
SE) of the bopyrid Probopyrus pandalicola in grass shrimp, Palaemo-
netes pugio, collected from August 2003 through July 2004 from Moon 
River, Georgia. The values printed below the month labels are the num-
ber of shrimp examined for the bopyrid. Breaks in the line are due to 
fewer than 62 shrimp being collected, the minimum number of shrimp 
required using a power test. The percentage of females that was gravid 
was assessed for 60 shrimp except in January (n = 59 unparasitized 
shrimp). Insufficient numbers of shrimp were collected in December 
2003 and January 2004 to assess both gravidity and prevalence. 
for which there were significant differences among the sites (P 
< 0.0001). There was a significant relationship between salinity 
and bopyrid infection levels at Chowan Creek and Moon River 
(P < 0.0001), but the regressions accounted for <0.3% of the 
variability in bopyrid prevalence. There was no relationship be-
tween salinity and prevalence for Harbour Town and Country 
Club Creek (P > 0.64). Temperature was not significantly dif-
ferent among sites (P = 0.94), and there was no relationship 
between temperature and bopyrid prevalence (P = 0.83). Dis-
solved oxygen concentration values were not significantly dif-
ferent among sites (P = 0.30) nor was there a relationship with 
bopyrid infection (P = 0.60). pH was not significantly different 
among sites (P = 0.89), and there was no relationship between 
pH and bopyrid prevalence (P = 0.07). 
DISCUSSION 
Over the sampling period, mean prevalence was significantly 
higher at Country Club Creek, Georgia (3.1%) than at Moon 
River, Georgia (2%), Chowan Creek, South Carolina (1.8%), or 
Harbour Town, South Carolina (1.3%; P = 0.0006). These val-
ues are higher than those for Palaemonetes sp. in North Caro-
lina (0.5% of 2,543 shrimp; Morris, 1948) but lower than the 
10% prevalence of another bopyrid, Anuropodione sp., in squat 
lobster collected in June (Williams and Brown, 1972). 
Parasite-host systems are potential indicators of environmen-
tal health (MacKenzie, 1999) because parasitic prevalence can 
be affected by anthropogenic influences (Siddal et aI., 1993). 
Prevalence of larval digenean parasites in the gonads and he-
patopancreas of the common whelk, Buccinum undatum, in-
creased from approximately 2% at the periphery of a sewage-
sludge site to 15% at a distance of 3 km from the center of the 
dump site in the Firth of Clyde, Scotland (Siddal et aI., 1993). 
Trace metal concentrations decreased with distance from the 
center of the sewage dump site to background levels at approx-
imately 2-3 km. The toxicity of metals from the sludge may 
have affected one of the earlier stages of the parasite, which 
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consequently reduced infection in the whelk (Siddal et aI., 
1993). If a contaminant is lethal to the intermediate host, the 
life cycle of the parasite cannot continue to the adult stage. 
Harbour Town has several residential units and parking areas 
that are located adjacent to the marsh. Petrochemicals such as 
polyaromatic hydrocarbons are present in the sediments at Har-
bor Town with the highest concentrations near a drainage ditch 
(Lee et aI., 2004). Although Harbour Town had the lowest prev-
alence and possibly the highest anthropogenic input, human im-
pact may not have been the only reason for low bopyrid prev-
alence. Country Club Creek is adjacent to Savannah State Uni-
versity and also has substantial exposure to runoff via a drain 
pipe, but mean prevalence there (3.1 %) was significantly higher 
than at the other sites (P = 0.0006). 
Another possible influence on bopyrid prevalence in grass 
shrimp is availability of the infectious cryptoniscus larvae. 
Transmission of this stage of the bopyrid is affected more by 
environmental factors such as temperature, salinity, turbidity, 
and depth than intermediate host abundance (Owens and Roth-
lisberg, 1995), possibly because cryptonisci can swim as far as 
13 km after releasing from the copepod hosts to infect the de-
finitive host (Owens and Rothlisberg, 1995). There was no re-
lationship between bopyrid prevalence and temperature, salin-
ity, dissolved oxygen concentration, or pH in our study. Neither 
turbidity nor depth was measured; however, there was no ap-
parent difference in turbidity or depth by visual assessment be-
tween Country Club Creek and Harbour Town, which had the 
maximum and minimum values for mean annual prevalence, 
respectively. 
Mean prevalence at Chowan Creek for June-August (3.9%) 
was similar to the value calculated by Curran (4.6%; unpubi. 
obs.) for shrimp collected between June and August 2000. Both 
the maximum and one of the lowest monthly prevalences oc-
curred between June and August in our study. However, be-
cause summer prevalence values for both studies were signifi-
cantly higher than the annual value of 1.8% at Chowan Creek 
(P = 0.0002), sampling exclusively during the summer may 
bias the results for bopyrid prevalence at this site. 
Despite the low values for bopyrid prevalence, this parasite 
can have a significant impact on shrimp populations because 
parasitized individuals are removed from the reproductive pop-
ulation before they mature. Low levels of gravidity coupled 
with high bopyrid prevalence values could greatly impact the 
number of eggs produced by the population. Additionally, an-
thropogenic contamination may negatively impact grass shrimp 
populations. 
Synchronous peaks in the number of sexually sterilizing par-
asites and the percentage of gravid~;emales in a grass shrimp 
population may also reduce grass shrimp populations. The grass 
shrimp reproductive season was from March or April to Sep-
tember for the sites used in our study. In another study com-
pleted in South Carolina, gravid shrimp were present from 
March through October 1979 in North Inlet and from April 
through September 1979 in Minim Creek (Alon and Stancyk, 
1982). In that study, there were 2 spawning peaks for shrimp 
from North Inlet, 1 peak early in the season (approximately 
90% females gravid) and another smaller peak later in the sea-
son. Sites in our study also tended to have 2 peaks in the per-
centage of females that were gravid. Peaks in bopyrid preva-
lence occurred during the reproductive season for all sites ex-
cept Harbour Town, for which maximum prevalence was in 
winter. For Moon River, maximum bopyrid prevalence was con-
current with maximum gravidity; thus, the negative effect of 
the parasite on grass shrimp reproduction may be magnified. 
Also, a population with lower numbers of sexually mature fe-
males during the reproductive season, e.g., Chowan Creek, may 
be affected more by the bopyrid than a population with similar 
numbers of parasitized shrimp but greater numbers of repro-
ductive females. Our study provides evidence that parasite prev-
alence may vary for a variety of reasons and that the negative 
impact of this parasite can be exacerbated by low numbers of 
grass shrimp as well as the timing of peak parasite prevalence. 
If the grass shrimp population is reduced, there may be a de-
crease in the recruitment success of their predators, some of 
which are commercially important. 
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DISTRIBUTION AND HABITAT CHARACTERISTICS OF MANA YUNKIA SPECIOSAAND 
INFECTION PREVALENCE WITH THE PARASITE CERATOMYXA SHASTA IN THE 
KLAMATH RIVER, OREGON-CALIFORNIA 
Richard W. Stocking and Jerri L. Bartholomew' 
Center for Fish Disease Research, Department of Microbiology, Oregon State University, Corvallis, Oregon 97331. 
e-mail: bartholj@science.oregonstate.edu 
ABSTRACT: A survey for Manayunkia speciosa, the freshwater polychaete host for the myxozoan parasite Ceratomyxa shasta, 
was conducted from 2003 to 2005 as part of an integrated study of the epizootiology of ceratomyxosis in Klamath River salmonids. 
Substrata samples (n = 257) were collected in a variety of habitats from Klamath Lake to the mouth of the Klamath River to 
document occurrence and relative abundance of the polychaete by habitat type and to estimate the prevalence of C. shasta within 
selected polychaete populations. Populations of M. specios a were identified throughout the Klamath River within pools (51.6%), 
eddy-pools (47.0%), and runs (40.0%). Large populations of M. speciosa were consistently found at the inflow to the main-stem 
reservoirs where densities were correlated with distance from the inflow into the reservoir. Using polymerase chain reaction assay 
and composite samples, 12 of 71 populations identified were tested for C. shasta, revealing a mean infection prevalence of 
0.27%. An area of elevated infection prevalence (4.9 and 8.3%) was identified with 2 populations below a barrier to salmonid 
migration, which explains the high infectious spore densities demonstrated in concurrent studies and observations of C. shasta-
induced mortality in Klamath River fall Chinook salmon (Oncorhynchus tshawytscha). 
Manayunkia speciosa Leidy, 1858, is a freshwater polychaete 
described from east and west coast river systems of North 
America and the Great Lakes region (Spencer, 1976). The poly-
chaete was reported in the Willamette River, Oregon, when Bar-
tholomew et al. (1997) identified it as the obligate invertebrate 
host for a myxozoan parasite of salmonid Ceratomyxa shasta 
Noble, 1950. The distribution and impact of C. shasta on pop-
ulations of wild and hatchery salmonids in the Pacific North-
west have been documented (Ratliff, 1981; Ching and Munday, 
1984; Hoffmaster et al., 1988; Bartholomew et al., 1989; Hen-
drickson et al., 1989; Stocking et al., 2006). However, little 
information on the ecology of the polychaete host has been 
published, and its presence in the Pacific Northwest has only 
been confirmed from a few locations in California (Hazel, 
1966), Oregon (Hazel, 1966; Bartholomew et aI., 1997), and 
Alaska (Holmquist, 1973). 
Reports of M. speciosa have occasionally occurred in the 
literature over the past 150 yr, mostly as notes and short com-
munications (Spencer, 1976). This lack of information may be 
a result of interest in larger or more economically important 
invertebrate species (Mackie and Qadri, 1971) or coliection 
methods that may have been inadequate to retain M. speciosa 
(Hazel, 1966). In live samples, the polychaete is easily over-
looked given its slow movements, tendency to attract and coat 
its body with fine material, its small size (0.2-3.0 mm in 
length), and semitransparent body (Holmquist, 1973). The in-
conspicuous nature and discontinuous occurrence of the poly-
chaete indicates that M. speciosa 'rhight have a greater geo-
graphic distribution than has been reported previously (Petti-
bone, 1953; Spencer, 1976). Indeed, if the regional distribution 
of M. speciosa in the Pacific Northwest can be extrapolated 
from epidemiological studies of C. shasta, then this enigmatic 
polychaete may be a fairly common, but undocumented, inhab-
itant of most major river systems from northern California to 
Alaska. 
Myxozoan parasites of the class Myxosporea generally are 
Received 12 May 2006; revised 18 August 2006; accepted 18 August 
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recognized as having a 2-host life cycle, involving a fish and 
an aquatic invertebrate, with a spore stage developing in 1 host 
that is infectious for the other host. The myxospore stage, which 
develops in the fish, generally infects a specific invertebrate 
host (Kent et al., 2001; Ozer et al., 2002). Because of this spec-
ificity, the distribution of M. speciosa can be indirectly inferred 
from sentinel fish exposure studies documenting the C. shasta 
actinospore (stage infectious for fish) (Stocking et al., 2006). 
These exposure studies (Bartholomew et al., 1989) demonstrate 
that the C. shasta life cycle is mostly confined to large river 
systems with a connection to the coast. Results from exposure 
studies in the Klamath River suggest that the C. shasta life 
cycle is largely confined to the main-stem river (Hendrickson 
et al., 1989; Stocking et al., 2006). 
The current study was conducted in the Klamath River where 
C. shasta has been implicated as a potentially limiting factor to 
survival of Klamath River fall Chinook salmon (Oncorhynchus 
tshawytscha) (Foott et aI., 2004). Concurrent research in our 
laboratory indicates that the high C. shasta-induced mortality 
observed in this species is attributable to high spore densities 
detected in water samples downstream of Iron Gate Dam, a 
barrier to salmonid migration (Hallett and Bartholomew, 2006; 
Stocking et al., 2006). These high parasite densities could be 
explained by increased polychaete host population densities, by 
increased proportions of infected polychaetes within these pop-
ulations, or both. To determine what contributed to these severe 
infections, our study was designed to document the distribution 
and relative abundance of M. speciosa throughout the main-
stem Klamath River, to gather information about habitats used 
by the polychaete, and to identify polychaete popUlations that 
may be of epidemiological importance. 
MATERIALS AND METHODS 
Study area 
The Klamath River begins at Klamath Lake in south central Oregon 
and runs south-southwest through northern California to the Pacific 
Ocean (Fig. 1). Notable features in the upper Klamath River (UKR) 
include Klamath Lake, a large and shallow hypereutrophic water body, 
and 4 reservoirs downstream of Klamath Lake: Keno, Boyle, Copco, 
and Iron Gate. The lower Klamath River (LKR), making up approxi-
mately 73% of the river's total length, flows unobstructed through the 
• 
STOCKING AND BARTHOLOMEW- M. SPEC/OSA HABITAT DISTRIBUTION 79 
121 ° W 
42° N 
OREGON 
CALIFORNIA 
N 
+ 
Trinity River 
10 20 60 80 
40° N 
-==-c."'_-====:J ___ Kilometers 
124° W 
FIGURE I . M ap showing 2003- 2005 sample sites in the Klamath River California- Oregon. C ircles are sa mple sites where M anaYlll1kia speciosa 
was not identified and filled triangles are sites where the polychaete was identified. For this study, Iron Gate Dam (IGD) divide the Upper 
Klamath Ri ver from the L ower Klamath River. The L ower Klamatk River was further div ided and sampled from IGD to Interstate-5 (1-5), to 
SCOll Ri ver, to Indian Creek , to Salmon River, then from Trinity Ri ver to the estuary (see Table I). 
Cascade Range and receives substantial fl ow contribution from the 
Shasta, Scon, Salmon, and Trinity ri vers. Substrata within this region 
include mainly bedrock . boulder, and cobble. Because of steep gradi-
ents, narrow canyon, and large substrata, much of the Klamath Ri ver is 
onl y acces ible by watercraft, and some area ,are not navigable except 
during high fl ows. For the purposes of this #study, the Klamath Ri ver 
has been divided into the UKR extending from Klamath L ake down-
stream to Iron Gate Dam and the LKR ex tending downstream from Iron 
Gate Dam to the coast (Fig. I ). The LKR was further subdivided into 
the following egments: Iron Gate Dam ( IGD) to Interstate-5 (1-5), 1-5 
to SCOll Ri ver confluence, SCOll Ri ver confluence to Indian Creek con-
fluence, Indian Creek confluence to Salmon Ri ver confluence, Salmon 
Ri ver confluence to Trinity Ri ver confluence, and Trinity Ri ver conflu-
ence to the estuary (Fig. I ; Table I). 
Substrata samples were collected during periods when C. shasta can 
be detected and were coordinated in conjunction with expo ure tudies 
(Stocking et ai. , 2006) . In June- July 2003, ampling was conducted 
mainly in the U KR (Table I), especia lly in the Boy le and Keno reser-
voir. with add itional co llections in the LKR approx imately 14- 2 1 ri ver 
km (Rkm) below Iron Gate Dam. Additional amples were collected 
during October 2003 from Boyle Re er voir and the Keno eddy (Rkm 
368.5) . In June-August 2004, samples were collected in both the U KR 
and LKR, with efforts focusing on the reser voirs. For easonal moni-
toring of known polychaete populations, sample were collected from 
the Williamson River inflow into Klamath Lake, Keno eddy, and Tree 
of Heaven (Rkm 278.3) during M arch 2005. The last sampling season 
occurred in the LKR from July to August 2005 (Table I). 
Sampling technique 
Collecting samples from vary ing depths and substrate types required 
a combination of approaches. For vascular macrophyte beds, a standard 
D- frame kick-net w ith 500-lLm mesh net was used by kicking material 
downstream into the net for 30 sec, working w ithin an area approx i-
mately 1.0 m2• For epi lithic microalgae. mat of periphy ton. and other 
debri attached to hard substrata, sample were collec ted by scraping 
the substratum for 30 ec w ith a circu lar ( 12.7-cm-diameter) metal net 
frame fi lted with a stainless steel lip, a 3.2-m telescoping rod, and 63-
ILm me h plankton tow net allached to the frame. The area ampled 
using this technique was estimated by gathering the thin mat of algae 
scraped from the substratum, placing them onto grid paper, and record -
ing the area covered. This process was repeated 5 times to estimate 
80 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.1, FEBRUARY 2007 
TABLE 1. Date and location of Manayunkia speciosa sampling con-
ducted in the Klamath River from 2003 to 2005. 
Sample 
period, River No. of 
region* Location kilometert sites 
July-August 2003 
UKR Keno Reservoir 374.9-407.3 19 
UKR Boyle Reservoir 361.6-362.5 13 
UKR Boyle Peaking Reach 328.3-354.7 4 
LKR 1-5 to Scott River 292.9-230.1 15 
June-August 2004 
UKR Klamath Lake 407.3-422.3 8 
UKR Boyle Reservoir 361.6-364.1 33 
UKR Keno Reservoir 382.0-406.1 5 
UKR Below Boyle Reservoir 342.8-341.6 3 
UKR Copco Reservoir 319.6--328.3 10 
UKR Iron Gate Reservoir 305.7-316.7 17 
LKR IGD to 1-5 305.7-292.9 24 
LKR Salmon River to Trinity River 106.2-69.8 24 
LKR Trinity River to Estuary 69.8-0 11 
July-August 2005 
LKR 1-5 to Scott River 292.9-230.1 16 
LKR Scott River to Indian Creek 230.1-171.8 25 
LKR Indian Creek to Salmon River 171.8-106.2 19 
LKR Salmon River to Trinity River 106.2-69.8 11 
* 1-5 = Interstate-5, IGD = Iron Gate Dam, LKR = Lower Klamath River, and 
UKR = Upper Klamath River. 
t River Kilometer values are the approximate area where samples were collected. 
error. The area sampled during the 30-sec period was calculated to be 
0.318 ::':: 0.056 m 2• Material collected by both methods was placed into 
a 3.8-L resealable bag by inverting the mesh net and washing material 
into the bag with 95% ethanol. Samples from lakes, reservoirs, and 
other deep habitats with soft substrata were collected using a weighted 
ponar grab with a 0.18-m2 opening. Collected material was placed into 
a large specimen pan, allowed to settle, drained of excess water, and 
then washed into a 3.8-L resealable bag with 95% ethanol. After 14 
days of storage, all samples were drained and refilled with 95% ethanol. 
When possible, live specimens were collected and transferred to a cool-
er and acclimated to 6 C for observation. 
The 2 major components of the Klamath River are the lotic (moving 
water) and the lentic (lake and artificial reservoirs). Lotic sections of 
the river were sampled by raft or at road access points. Because it takes 
30-40 min to sample a site, 12-14 sites were chosen within areas that 
could be navigated in 3-4 hr. To increase our chances of identifying 
populations, a ratio of habitat sites were selected to be 40% pools, 30% 
runs, 20% eddy-pools, and 10% riffles. Lotic macrohabitats were char-
acterized using Arend (1999). Reservoir samples were collected in a 
line-transect manner beginning at the itttl.ow and running to the end of 
the reservoir. Reservoirs were divided longitudinally as riverine (inflow) 
with cobble-pebble substrata, transition with gravel and sand substrata, 
and lacustrine with mud substratum. Klamath Lake samples were char-
acterized simply as littoral or profundal. 
Depth of sample was measured with a sounding pole or weighted 
50-m fabric measuring tape depending on depth and water velocity. 
When possible, water flow was measured 12 cm above the substratum 
by using a Marsh-McBimey Flowmate 2000 (Marsh-McBimey, Fred-
erick, Maryland) portable current velocity meter connected to a rod in 
wadeable areas, or to a 9.07-kg bullet anchor in nonwadeable areas. 
Date, time, and global positioning system locations were recorded for 
each sample. Maps of all sample sites were generated through ArcMap® 
(ArcGIS 9.1). Temperature (Celsius) and dissolved oxygen (milligrams 
per liter) were recorded for each sample site using YSI meter model 55 
(YSI, Yellow Springs, Ohio). 
Sample processing 
Contents of the sample bag were emptied into a subsample tray (20 
X 28 cm) and mixed. The contents of 3 randomly selected grids (5.0 
X 5.6 cm) were then transferred to individual Petri dishes where poly-
chaetes were counted to estimate sample density. Polychaetes were sort-
ed under a dissection microscope at approximately 20x. Sample den-
sities were calculated by averaging the subsamples and multiplying the 
average by 20 (the total number of grids in the subsample tray). Sample 
densities were divided by the average area sampled for each method to 
estimate field densities. For samples containing high amounts of fine 
suspended sediment, the contents of a grid were transferred to a 150-
ml measuring cylinder, stirred, and allowed to settle for 5 min. The 
suspended material was extracted with a lO-ml pipette, filtered through 
40-J..lm mesh, and observed for polychaetes. The process was repeated 
until the suspension was clear enough to view contents of the Petri dish 
under a dissecting microscope. For this study, juveniles were catego-
rized as <1.1 mm in length because size classes have not been deter-
mined in other studies. The number of juveniles, adults out of tubes, 
and adults in tubes were counted, along with the number of eggs per 
tube if present. For each site, polychaetes were sorted into a 1.5-ml 
centrifuge tube labeled with site number and filled with 95% ethanol. 
Identification of M. speciosa was based on the characteristic tentacular 
crown, pygidium, and abdominal setigerous segments (Foster, 1972; 
Pettibone, 1953). 
Prevalence of infection 
Polychaetes from 6 populations in the UKR and 6 in the LKR were 
chosen to estimate prevalence of infection with the parasite C. shasta. 
Populations were selected based on whether a sufficient number of poly-
chaetes (~300) had been collected from a population and distance be-
tween populations. Three populations in the UKR (Rkm 368.5, 368.2, 
and 368.0) and 3 in the LKR (Rkm 189.5, 187.9, and 187.4) were 
chosen to examine prevalence differences at smaller spatial scales. 
These populations were selected because a sufficient number of poly-
chaetes had been collected and because of the proximity of the 3 pop-
ulations to each other «1.0 Rkm). To estimate prevalence, the 1.5-ml 
tube containing polychaetes from a site was emptied into a small Petri 
dish. Polychaetes were randomly selected from the dish with fine for-
ceps and sorted into a 1.5-ml tube representing a pool. Pool sizes (num-
ber of polychaetes per tube) and the number of pools (tubes) varied 
based on the number of polychaetes collected from a population (Zendt 
and Bergersen, 2000; Williams and Moffitt, 2001). Pool size and the 
number of pools of each size tested generally consisted of 2-4 pools 
with 50 worms each, 4-5 pools with 20 or 25 worms each, 10 pools 
of 10 worms each, and 8-10 pools of 5 worms each (Table II). For 
polymerase chain reaction (PCR) controls, polychaetes or fish tissue 
microscopically identified as positive for infection were used as positive 
controls. Uninfected fish tissues were used as negative controls. The 
controls were handled and prepared the same as samples. 
The tubes were uncapped in an incubator set at 37 C for 24 hr, 
allowing the alcohol to evaporate. After evaporation, samples were di-
gested with 500 J..lI of DNA extraction buffer with 10.0 J..lI of proteinase 
K. The tubes were capped and incubated at 37 C with gentle rocking 
for 6 hr. After digestion, samples were spiked with 5.0 J..lI of RNaseA 
incubated for 30 min at 37 C and then boiled at 100 C for 5 min. A 
1:100 dilution of each sample was made using HPLC (molecular grade) 
water and then assayed for C. shasta by adding 1.0 J..lI of diluted sample 
to 19.0 J..lI ofPCR master mix by using methods described by Palenzuela 
and Bartholomew (2002). Results of the assay were visualized on a 
1.0% agarose gel stained with ethidium bromide and included a l-kb+ 
ladder. Each pool (gel lane) was determined as positive or negative for 
presence of C. shasta by presence or absence of a 628-bp product. To 
estimate prevalence, pool sizes, number of pools tested, and the number 
of pools positive were entered into the Ausvet-Pooled Prevalence Cal-
culator (Sergeant, 2004) following the link to variable pools sizes and 
perfect test. Prevalence here is expressed as the percentage of the pop-
ulation that is positive for C. shasta infection. 
Statistical analysis 
Simple tables and graphs were generated using Excel for Windows, 
whereas more in-depth analyses were performed using Stata 9.0 for Mac 
OS-X (StataCorp, 2005). Lotic and lentic habitats were analyzed sep-
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TABLE II. Summary of samples used to estimate the apparent prevalence of Ceratomyxa shasta within selected populations of Manayunkia 
speciosa collected from the Klamath River, Oregon-California. Pool size refers to the number of polychaetes in that pool. Pools positive refers to 
number of pools of each size that tested positive for C. shasta. 
Date Pool size and number of Pools 
Rkm collected % Adults pools tested (n) positive Total* % Prevt 
441.000 4 July 84.8 50 (4), 25 (4), 10 (10), 5 (10) 0,0, I, 1 450 0.45 
425.000 4 July 84.2 10 (5), 5 (10) 0, 1 100 1.02 
368.500 3 October 63.7 50 (4), 25 (4), 10 (0), 5 (10) 0,0, 1,2 450 0.69 
368.220 4 July 63.4 50 (4), 25 (4), 10 (10), 5 (10) 0, 0, 0, 0 450 0 
368.215 4 July 62.5 50 (4), 25 (4), 10 (10), 5 (10) 0,0,0,0 450 0 
352.200 4 July 48.2 50 (4), 20 (5), 10 (10) 5 (0) 0,0,0,0 510 0 
327.150 4 July 55.8 25 (4), 20 (5), 10 (0), 20t (0) 0,0,0,0 500 0 
289.805 5 July 43.0 50 (4), 20 (5), 10 (8), 40t (1) 4,2,4,0 420 4.96 
278.250 5 March 76.4 10 (15), 5 (30), 1 (45) 7,7,3 345 8.24 
211.918 5 July 87.9 50 (2), 20 (5), 10 (8), 5 (5) 2,0,0,0 305 0.79 
189.500 4 August 90.4 50 (4), 25 (4), 10 (10), 5 (10) 0, 0, 0, 0 450 0 
187.971 4 August 96.1 50 (4), 25 (4), 10 (10), 5 (0) 0, 0, 0, 0 450 0 
187.489 5 July 85.7 50 (2), 20 (5), 10 (8), 5 (5) 0,0,0,0 305 0 
* Total number of polychaetes tested. 
t Percentage of the total tested that was estimated to be positive for C. shasta. 
:j: Values are juveniles only; all other values are both juveniles and adults. 
arately and combined by category. To determine whether density esti-
mates were significantly different within lotic groups and within lentic 
groups, values were natural log-transformed and tested in a I-way anal-
ysis of variance (ANOV A) with Bonferroni correction. Pairwise com-
parison after ANOV A was used to delineate group differences. For 10-
• Freq .• In-mean± SO -In-max 
A 
10 (40,607) 0.80 
-
_(15.119) e-0.60 .. 
" = 
.£ 6 t' !! 0.40 r:.. 
" " l " 4 ~ 
0.20 § 0 
0 0.00 
Riflle Run Eddy Pool 
B LoticMHT 
10 0.80 
;., 
0.60 " .. . , 
" = 
.j' 6 _(976) il' ... 
0.40 r:.. 
" 
.. 
"i' 
!(251) 
" 
.s 4 .. t 
= 
0.20 " 
" 2 0 
0 0.00 
Riverine Transition Lacustrine 
LenticMHT 
FIGURE 2. Mean density (In-transformed), max density, and fre-
quency of occurrence of Manayunkia speciosa by (A) lotic macrohabitat 
(MHT) and by (B) lentic MHT. Values in parentheses are estimated 
mean and maximum field densities per m2. Minimum values are not 
shown since all MHTs had at least 1 minimum value of O. 
gistic regression, values were natural log (In)-transformed to determine 
whether correlations exist between In-density and parameters such as 
water velocity, depth, distance from reservoir inflow, and infection prev-
alence. Bank samples with zero values were omitted for linear regres-
sion analysis because these samples were considered not representative 
of the longitudinal distribution (long axis of the reservoir) of the poly-
chaetes in the reservoir . 
RESULTS 
Macrohabitat features 
Manayunkia speciosa was identified in samples collected in 
lotic habitats from Klamath Lake to the mouth of the Klamath 
River (Fig. 1), and distribution was not confined to any partic-
ular region of the river. The polychaete could be found through-
out the main-stem channel inhabiting slow flowing macrohab-
itats. The largest numbers of populations per kilometer occur 
between the Trinity River confluence and Iron Gate Dam. Man-
ayunkia speciosa was identified in 51.6% of pools, 47% of ed-
dies, and 40% of runs sampled (Fig. 2A); however, eddies were 
not as common a habitat feature as pools and runs (Table III). 
The polychaete was only present in 20% of the riffles sampled, 
and here, only a few polychaetes were collected along the edge-
water. Frequency of occurrence and mean density increased 
from the fastest flowing habitats to the slowest (Fig. 3); how-
ever, it should be noted that stagnant or nonflowing habitats 
generally lacked evidence of M. speciosa (Fig. 4). Estimates of 
polychaete field densities were highly variable for both the 
modified plankton net and the ponar grab. Mean densities were 
less than 300/m2 for lotic habitats. However, the highest max-
imum field densities of all habitats (40,607 1m2) occurred in a 
pool at the Tree of Heaven (Fig. 2A). From Iron Gate Dam to 
the Trinity River confluence, populations were often discretely 
confined and densely aggregated within a very small area (5-
101m2) relative to size of the habitat. Below the Trinity River 
confluence, populations were more widespread within a habitat 
but less dense (mean = 163.5 ± 68.lIm2; maximum = 308.21 
m2). 
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TABLE III. Summary of I-way analysis of variance (ANOV A) results for Manayunkia speciosa occurrence frequency and In-density estimates 
from 4 lotic macrohabitat types (MHTs) and three lentic MHTs collected from the Klamath River during 2003-2005. 
No. Frequency of Frequency of Mean 
MHT ofMHT* occurrence of MHTt Total (n) occurrence (n):j: In-density (n)§ SD 
Lotic (F = 1.21, P = 0.31) 3, 193 df 
Riffle 15 0.20 17 0.18 -0.52352 1.94 
Run 60 0.40 82 0.29 0.46915 2.89 
Eddy 17 0.47 24 0.33 0.43606 2.78 
Pool 64 0.52 84 0.39 0.91916 3.21 
Lentic (F = 13.15, P < 0.01) 2, 94 df 
Riverinell 3 1.00 25 0.80 2.91341 4.01 
Transitionll 4 0.75 43 0.33 0.83427 3.17 
Lacustrinell 4 0.25 29 0.07 -0.23476 0.81 
* Total number of MHTs that were sampled. 
t Ratio of MHTs where M. speciosa was identified. 
:j: Ratio of all samples (n) of a MHT in which M. specoisa was identified. 
§ All density values, including 0 values, were natural log-transformed (In-density + 0.50) with standard deviations. 
II Indicates that estimates were significantly (P :5 0.05) different by pairwise comparison test (see Results). 
The distribution of M. speciosa in the lentic component was 
markedly different from that of the lotic component. The poly-
chaete was consistently found to occur broadly throughout the 
Williamson River inflow to Klamath Lake, and, similarly, in 
each of the reservoir inflow areas (the Keno Reservoir inflow 
was not sampled due to logistic constraints). Estimated mean 
field densities at the reservoir inflow (riverine) areas (804/m2) 
averaged higher than lotic samples (Fig. 2A, B), but maximum 
polychaete densities were lower in the riverine area (16,0541 
m2) than in pools (40,607 1m2) and were similar to those from 
runs (15,119/m2 ). Mean densities, maximum densities, and fre-
quency of occurrence decreased from riverine to lacustrine ar-
eas. The most extensively sampled reservoir was J. C. Boyle, 
and M. speciosa was widespread throughout the inflow (Fig. 5). 
In this reservoir, the polychaete also was found at the bottom 
of a deep (6.3-m) channel-constriction, separating 2 lacustrine 
areas, on boulder-bedrock substrata associated with freshwater 
sponge (Fig. 5). The polychaete was not found in the mud sub-
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FIGURE 3. Relationship between Manayunkia speciosa density (In-
transformed) and flow velocity within 2 microhabitats: Cladophora sp. 
(a mat-forming epilithic algae) and sand with fine benthic organic mat-
ter (FBOM) collected from the Klamath River. Simple linear regression: 
within Cladophora sp. (,-2 = 0.30, P < 0.01, n = 32) and sand (,-2 = 
0.02, P = 0.26, n = 69). 
strata of these 2 lacustrine areas, but it was found at low den-
sities (250/m2) in freshwater sponge on concrete bridge supports 
approximately 1.5 m below the surface (Fig. 2B). In Iron Gate 
Reservoir, M. speciosa also was found at a channel constriction 
on boulder-gravel substrate where flow increased from <0.01 
to 0.03 mlsec. 
Results from ANOV A show that differences between lotic 
groups were not significant (Table III). For lentic groups, results 
from a pairwise comparison test after ANOV A confirmed a 
significant difference between groups: riverine versus transition 
(P = 0.014), riverine versus lacustrine (P < 0.001), and tran-
sition versus lucustrine (P = 0.014) (Table III). Regression 
analysis demonstrates a correlation between In-density and dis-
tance from the inflow (Fig. 4). As water velocity declined from 
0.05 to 0.04 mlsec, polychaete densities rapidly increased and 
then steadily decreased with further decline in water velocity 
(Fig. 4). Correlations also were found between polychaete den-
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FIGURE 4. Density (log-transformed) distribution of Manayunkia 
speciosa sampled from the J. C. Boyle reservoir starting at the inflow 
(see Fig. 5). The In-density distribution was fitted using fractional poly-
nomial regression (,-2 = 0.54, P < 0.001, n = 24) with 95% confidence 
intervals. Velocity was fitted (dashed line) by simple linear regression. 
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FIGURE 5. Samples collected June 2003 from the J. C. Boyle reser voir located near Klamath Lake (see Fig. I ) . Circles are sample sites where 
Manayunkia speciosa was not identified and triangle are ite where M. speciosa wa identified. The inflow to the reservoir is located in the 
northeast corner and fl ows to the southwest. 
Itles, water velocity, and depth (P ~ 0.05); however, the e 
variables are a lso a function of di tance from inflow. 
Microhabitat features 
Plotting water veloc ity against In-density for a ll samples con-
taining the polychaete showed that M. speciosa was found most 
often at velocities between 0.02 and 0.05 m/sec where the poly-
chaete was a sociated with 2 microhabitats (Fig. 3). One mi-
crohabitat, sand-silt embedded with fine benthic organic matter 
(FBOM), was present at low water velocities (0.02-0.06 rnIsec). 
Another important microhabitat was an#~pilithic alga identified 
as Cladophora sp. This a lga adhered strongly to any hard sub-
stratum (e.g., mussel he ll and boulders), was slightl y com-
pres ible, and formed a mat about 1.0 cm in thickne s. Exam-
ination of the algae found it to conta in large quanti tie of 
FBOM , diatom , and, and silt. Po lychaete densitie within thi 
materia l varied widely, but regression analys is did show an in-
verse re lation hip between I n-density and velocity (P < 0.0 I ; 
Fig. 3). Manayunkia speciosa wa found in a wider range of 
flow velociti es where Cladophora p. occurs than within the 
sand- ilt habitat. Polychaete also were occasionall y a soc iated 
with sponge on bridge pillars and beds of vascular macrophytes; 
however, the occurrence wa infrequent and den itie were gen-
erally low. Areas containing heavy depo it of coarse organic 
matter or that were completely anoxic lacked any evidence of 
the polychaete. Man.ayunkia speciosa was rarely found in me-
dium- and large-grained sands that lacked FBOM , but it was 
often found on such substrata if noticeable amounts of FBOM 
were pre ent. Moderately den e popul at ions (3 ,896/m2) of M. 
speciosa were found at the mouth of the Willi am on Ri ver with 
large depo its of sand- s ilt and FBOM. The depth of amples 
contai ning the polychaete ranged from 0.2 m in edge-water rif-
fles to 6.5 m in the re e rvoirs. Examination of li ve specimens 
revealed a diet con i ting of very fi ne (2- 3 f.l.m) detritus and 
mall diatoms. 
Prevalence of infection 
Prevalence estimates of the parasite C. shasta in populations 
of M. speciosa were low (- 0.27%) for mo t s ites tested (Fig. 
6). In the UKR, parasite prevalence at the mouth of the Wil -
li amson Ri ver (Rkm 44 1), Klamath Lake (Rkm 425), and above 
the Boyle Reservoir inflow (Rkm 369) wa e timated at 0.45 , 
1.02, and 0.69%, respectively (Table [I). Two samples collected 
within the Boyle Re ervoir inflow were not po itive for in fec-
tion nor were samples co llected below the Boyle Reservoir 
(Rkn1 352) or from the Iron Gate inflow (Rkm 327). Two sam-
ples coll ected in the LKR, one s ite at 1-5 (Rkm 290) and the 
other at the Tree of Heaven (Rkm 278), had an infection prev-
• 
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FIGURE 6. Estimates of Ceratomyxa shasta prevalence of infection 
(poi) and associated confidence intervals within selected populations of 
Manayunkia speciosa collected from the Klamath River. Sites sorted on 
the x-axis from Klamath Lake (Rkm 441) going down river toward the 
mouth (see Table II). UKR = Upper Klamath River, IGD = Iron Gate 
Dam, and LKR = Lower Klamath River. 
alence of 4.9 and 8.3%, respectively. One site at Rkm 212 
showed a prevalence of 0.79%, and infection was not detected 
in populations tested downstream of this site at Rkm 189.5, 
187.9, and 187.5 (Fig. 6). Regression analysis did not detect a 
significant correlation between prevalence of infection and den-
sity, flow velocity, or percentage of adults. Control tissues from 
infected polychaetes and infected fish amplified as expected. 
Negative control tissues were not positive for C. shasta DNA. 
DISCUSSION 
Distribution and habitat characteristics of M. speciosa 
The geographic range of C. shasta is shaped by both its hosts, 
and its confinement to the Pacific Northwest of the United 
States and Canada can be explained by its specificity for Pacific 
salmon as the vertebrate host. However, the range and preva-
lence of the parasite are known to be discontinuous within the 
larger range of Pacific salmon, and this is likely explained by 
factors that define the distribution and abundance of the' inver-
tebrate host M. speciosa. Before this study, little was known 
about this organism or its habitat requirements that would pro-
vide insight into observed patterns of parasite distribution. This 
study, conducted to explain the epizootiology of C. shasta in 
the Klamath River, demonstrated M. speciosa throughout the 
main-stem Klamath River from KI~p1ath Lake to the estuary. 
Manayunkia speciosa was found within a variety of macrohab-
itats, such as runs, pools, riffle edge-water, and reservoirs. The 
polychaete was also found within a variety of microhabitats 
such as sand, gravel, boulder and bedrock, freshwater sponge, 
aquatic vegetation, and frequently with a type of nonvascular 
periphyton identified as a species of Cladophora. This might 
suggest that M. speciosa is a habitat generalist; however, the 
very patchy distribution of the polychaete is more indicative of 
a habitat specialist, as noted by Rolan (1974). Population den-
sities and occurrence frequency suggest that some of these hab-
itats are accidental, marginal, or both. To determine the habitat 
characteristics of M. speciosa, densities and occurrence fre-
quency by habitat type are considered in relation to what is 
known about the biology of this organism and its closest rela-
tives. 
In this study, we found that slow flowing lotic habitats such 
as runs and eddy-pools had the highest relative densities and 
frequency of occurrence of M. speciosa. These populations 
were always located outside of the main flow along the margins 
of the river banks and most often within protective structures 
such as a bedrock ledge or boulder outcrops. Within runs, M. 
speciosa tended to occur within a protective microhabitat, such 
as Cladophora sp. Pools often contained both sand-silt and 
Cladophora sp., the 2 microhabitats identified with the highest 
densities of M. speciosa, explaining why the polychaete was 
detected most frequently in this lotic habitat. The importance 
of sheltered habitats to M. speciosa can be paralleled with the 
results from a similar study, which found that the sabellid poly-
chaete Fabricia stellaris was most abundant (1.5 X 1Q6/m2) 
within algal mats of Rhodochorton in sheltered coastal habitats 
(Lewis, 1968b). Likewise, we speculate that the capacity for a 
habitat to buffer against disturbances will be a critical factor 
determining the distribution and abundance of M. speciosa in 
the lotic environment. 
Some lotic populations of polychaetes seem to be especially 
susceptible to disturbances such as high flow events. In March 
2005, we recorded a population in sand-silt at the Tree of Heav-
en with the highest maximum densities of all pools sampled 
(40,607/m2). For monitoring purposes, this site was sampled 
again in July 2005 after a high flow event (May-June 2005), 
and the population was absent. A reference polychaete popu-
lation in Cladophora sp., upstream of the Tree of Heaven site 
had not been impacted by the high flow event. Thus, the ability 
of M. speciosa to persist in certain microhabitat types during 
disturbances and not in others indicates that the distribution of 
lotic populations is influenced by microhabitat stability. 
Although the lotic component of the river had the largest 
number of popUlations, these populations were small compared 
to the reservoir inflow populations. Manayunkia speciosa was 
consistently present at the riverine inflow areas (lotic-Ientic in-
terface) into man-made reservoirs of the Klamath River at mod-
erate (804/m2) to high (16,054/m2) densities. In J. C. Boyle 
reservoir, where a large number of samples were collected to 
study spatial patterns, population densities rapidly increased 
with distance from the inflow into the reservoir and then steadi-
ly decreased. These results parallel other studies, which also 
found the polychaete at the mouths of major rivers (Hiltunen, 
1965; Hazel, 1966; Mackie and Qadri, 1971; Poe and Stefan, 
1974). The spatial structuring, i.e., longitudinal density distri-
bution, of lotic-Ientic interface popUlations suggests that opti-
mal conditions are present where polychaete popUlations are 
most dense. Thus, the creation of reservoirs has likely altered 
the distribution of M. speciosa in the Klamath River by creating 
conditions that support unusually large populations at the inflow 
areas. 
If the lotic-Ientic interface of reservoirs provides optimal 
habitat characteristics over space and time, then polychaete dis-
tribution in the lotic environment can be explained in terms of 
patch dynamics. For example, it has been noted that habitat 
similarities exist between the lotic-Ientic interface and the rif-
fle-pool interface (Willis and Magnuson, 2000) and that the 
quantity and quality of these ecotone patches will not be equally 
distributed in the lotic environment (Pringle et al., 1988). The 
heterogeneity of lotic systems places a burden on aquatic or-
ganisms to be effectively resilient to disturbances (high flow 
events), possess mechanisms, e.g., good dispersal, or a combi-
nation that take advantage of those changes (Townsend, 1989). 
In the present study, the lotic-lentic interface is the most stable 
macrohabitat where M. speciosa was documented. Here, poly-
chaete populations receive a constant supply of flowing water 
where extreme flow events are buffered by the reservoir. The 
life traits of M. speciosa may allow this polychaete to survive 
and specialize for such habitats. These traits have been ob-
served for other meiofauna with similar ecological requirements 
(Levinton, 1972; Fauchald and Jumars, 1979; Lopez and Lev-
inton, 1987; Taghon and Green, 1992). 
Biological traits of M. speciosa 
Manayunkia speciosa is a member of the Sabellidae (Fabri-
ciinae), which are unique among polychaetes in having species 
that occur exclusively in freshwater systems (Rouse and Pleijel, 
2001). The subfamily has at least 2 freshwater representatives, 
i.e., M. speciosa, identified within Nearctic freshwater systems 
of both the Pacific and Atlantic coasts of North America, and 
M. baikalensis, found in the Lena and Amur basins of Siberia 
(Klishko, 1996). Another closely related polychaete, M. aes-
tuarina, an inhabitant of brackish water estuaries and mud flats, 
occurs roughly along the same latitudes as M. speciosa in North 
America and western Europe (Light, 1969; Bishop, 1984). Fa-
briciin polychaetes are sedentary, or discreetly motile, tube 
dwellers with no free-swimming stages (Pettibone, 1953; 
Holmquist, 1973; Fauchald and Jumars, 1979; Rouse and Plei-
jel, 2001). These may be characteristics limiting the ability of 
M. speciosa to move upstream or across watersheds. 
The unique feeding abilities of M. speciosa may be a key 
factor to its persistence in the river environments. During this 
study, tubes containing M. speciosa were observed on vertical 
rock walls with the tubes projecting out into the water column. 
At the mouth of the Williamson River, populations of M. spe-
ciosa were found freely roaming the sediment. These traits are 
characteristic of the Fabriciinae, which are both suspension 
feeders and facultative surface deposit feeders, using a diet.of 
fine organic detritus and microalgae (Fauchald and Jumars, 
1979; Rouse and Pleijel, 2001). Polychaetes that use this strat-
egy, referred to as "interface" feeders, are known to switch 
feeding modes during flux of seston quantity and quality (Tag-
hon and Green, 1992). Because they require large quantities of 
organic matter, interface feeders are considered food limited 
(Lopez and Levinton, 1987). To optiJllize food intake, these 
polychaetes are able to select particulates of the appropriate size 
for ingestion, whereas larger sizes are either rejected or used 
as material for tube construction (Lewis, 1968a). Suspension 
feeding with delicate feeding appendages is likely the reason 
M. speciosa is found within slower flowing habitats (sand-
FBOM) and in areas with moderate to high sediment loads. In 
Cladophora sp., this microhabitat provides a buffer from high 
flow events and collects suspended material the polychaete can 
use as food. 
Information on M. speciosa reproductive ecology is sparse; 
however, all known Fabriciinae are gonochoristic, continuous 
or semicontinuous breeders (Rouse and Pliejel, 2001). Female 
M. aestuarina brood small clutches of large nonfeeding larvae 
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within a tube consisting of silt and fine organics (Leidy, 1883; 
Bell, 1982), and several clutches may be produced by the same 
female during the reproductive phase (Bick, 1996). During this 
study, tubes containing 2-3 M. speciosa larvae were found dur-
ing March, July, August, and November, with the highest num-
bers of tubes containing eggs and juveniles occurring during 
March and November. Large investments of resources into a 
small number of offspring are traits characteristic of K-selected 
strategists, which are poor dispersers, but good competitors, in 
contrast to r-selected strategists, which are good dispersers 
(Townsend, 1989). That large populations of M. speciosa are 
able to persist in, and dominate stable habitats, is also evidence 
of a K-selected strategy. 
When comparing the distribution and abundance of a species 
across habitat types, analysis needs to be considered in light of 
dispersal abilities. Organisms, such as M. speciosa, that have a 
limited ability to actively migrate toward favorable habitats, 
rely on chance and may settle in unfavorable or marginal hab-
itats (Fonseca and Hart, 2001). Compared with lotic-lentic in-
terface populations, habitats such as riffle edge waters and beds 
of vascular macrophytes are marginal habitats and perhaps ac-
cidental. Because M. speciosa is considered here both a poor 
disperser and a habitat specialist, the geographic distribution of 
M. speciosa on both the Pacific and Atlantics coasts warrants 
some discussion. 
Because the type locality of M. speciosa occurs along the 
Atlantic coast, Hazel (1966) suggested a possible introduction 
of M. speciosa to freshwaters of the Pacific coast via fish trans-
plants. However, this was considered unlikely to occur in the 
isolated Arctic lakes of Alaska where M. speciosa has been 
identified (Light, 1969; Holmquist, 1973; Rolan, 1974; Cros-
kery, 1978). Additional evidence supporting a long residence 
time of M. speciosa along the Pacific coast comes indirectly 
from epidemiological studies. Many salmonid species native to 
Pacific northwest watersheds, where C. shasta is endemic, have 
developed genetic resistance to the parasite (Bartholomew, 
1998; Bartholomew et al., 2001), indicating that the life cycle 
and, therefore, the polychaete, was present in these systems 
before the introduction of non-native species. One explanation 
for the bicoastal geographic distribution of the polychaete is 
that freshwater tolerant members of Fabriciinae were translo-
cated during the last marine incursion and adapted to a solely 
freshwater existence when the oceans receded (Holmquist, 
1973; Croskery, 1978; Klishko, 1996). However, identification 
of the specimens collected in this study was based solely on 
morphological characteristics; the molecular phylogenetic re-
lationship between east and west coast strains is unknown. 
Prevalence patterns of C. shasta infection 
In a previous study, we developed a hypothesis of poly-
chaete-parasite distribution to explain the high C. shasta in-
duced mortality observed in naturally resistant Klamath River 
Chinook salmon (Stocking et al., 2006). We suggested that the 
mortality observed in the LKR was likely a result of over-
whelming actinospore densities relative to the UKR where ex-
posed fish rarely died due to infection. Results from an envi-
ronmental C. shasta quantitative PCR assay, developed to quan-
tify spore density in the water column, demonstrate that parasite 
densities at a site below Iron Gate Dam were an order of mag-
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nitude greater than at locations in the UKR (Hallett and Bar-
tholomew, 2006). This could be explained by a greater propor-
tion of infected polychaetes in the LKR relative to the UKR. 
To test this assumption, we assayed polychaetes from several 
populations in the UKR and LKR for prevalence of C. shasta 
by using an established PCR assay (Palenzuela and Bartholo-
mew, 2002) on pooled samples of M. speciosa. Generally, myx-
ozoan infection prevalence in naturally exposed invertebrate 
populations tends to be very low (0.1-2.0%), thus prohibiting 
tests on individuals (Markiw, 1986; Rognlie and Knapp, 1998; 
Zendt and Bergersen, 2000; Ozer et al., 2002). Therefore, we 
targeted populations of M. speciosa where sufficient numbers 
had been acquired during the sampling effort to estimate infec-
tion prevalence using a pooled strategy. 
Methods for pooling samples have been widely applied in 
large animal and insect vector epidemiology since the 1950s 
(Brookmeyer, 1999; Cowling et al., 1999; Wicki et al., 2000; 
Col6n et aI., 2001; Raizman et al., 2004) and have become 
important to fish health professionals (Williams and Moffitt, 
2001; Allen and Bergersen, 2002). The advent of molecular 
technology and statistical software has allowed these methods 
to be easily applied to populations of fish and aquatic inverte-
brates (Williams and Moffitt, 2005). We acknowledge that sam-
ples used to estimate prevalence were collected at different 
times and may not display an accurate representation of actual 
host-parasite distribution and prevalence at any particular point 
in time. However, the results present us with 2 general factors 
to consider. One factor is simply that prevalence of infection in 
most polychaete populations sampled was very low, averaging 
about 0.27%. Another characteristic revealed by the data is a 
zone or focus of high infection prevalence (4.9 and 8.3%) di-
rectly down river from Iron Gate Dam. In the concurrent stud-
ies, concentrations of >20 sporeslL were detected in this same 
river reach, in contrast to <1.0 sporeslL above Iron Gate Dam 
(Hallett and Bartholomew, 2006), and mortality in susceptible 
sentinel fish reached 100% below Iron Gate dam (Stocking et 
aI., 2006). 
Conclusions 
Factors that explain how, when, and where polychaete host 
populations become infected with C. shasta are not well un-
derstood. It is clear that the spatial overlap of both hosts is a 
key factor and the formation of an infection nidus below Iron 
Gate Dam could be explained by a high concentration of both 
spawning adult salmon and polychaete populations. Although 
C. shasta myxospore densities in r~mrning adult fall Chinook 
salmon have not been quantified, preliminary research indicates 
that 90% are infected with nearly 56% of those infections clas-
sified as severe (J. S. Foott, pers. comm.). One scenario sug-
gests that adult salmon, carrying the C. shasta myxospore stage 
infectious to the polychaete, spawn, die, and release these 
spores into the environment. Populations of M. speciosa within 
or near the spawning grounds receive the highest doses. Poly-
chaete habitats such as pools and eddies are areas where salmon 
carcasses tend to deposit. 
This provides one explanation for the high C. shasta induced 
mortality observed in fish exposed within this area and supports 
the hypothesis that elevated spore densities from heavily in-
fected populations are the cause of salmonid ceratomyxosis in 
the LKR. That all fish groups exposed throughout the LKR 
succumbed to infection (Stocking et al., 2006) suggests that 
actinospores from these highly infected populations can remain 
viable during the 5-day journey from Iron Gate dam to the 
estuary. Interestingly, an area of high infection also occurs in 
the Williamson River, a tributary to Klamath Lake, where con-
centrations of 10-20 sporeslL were reported (Hallett and Bar-
tholomew, 2006). Anadromous salmon are blocked from this 
region, so the only salmonid hosts present are native redband 
rainbow trout (0. mykiss). Polychaetes sampled at the mouth 
of the Williamson River showed a relatively low infection prev-
alence of 0.45%. However, the prevalence of C. shasta infection 
in polychaete populations above these sites was not determined 
and may be considerably higher than at the river mouth. 
This study addresses factors that are paramount to under-
standing C. shasta in the Klamath River by relating the epi-
zootiology of the parasite with the ecology of its invertebrate 
host. Additional information on the life history characteristics 
of M. speciosa and C. shasta infection dynamics will be nec-
essary to develop a conceptual model better suited to explain 
how a "hot-zone" developed below Iron Gate Dam and what, 
if anything, can be done to minimize the impacts of C. shasta 
on native Klamath River salmonids. For example, would rapid 
high flow events (spates) decrease polychaete and/or parasite 
densities or would longer, more moderate flows decrease ju-
venile salmon exposure time? A recent high flow event, which 
occurred during the drafting of this manuscript, may provide a 
natural experiment in which this very question can be evalu-
ated. Additionally, the conclusions of this study are relevant to 
understanding the epizootiology of another myxozoan parasite 
of Klamath River salmon, Parvicapsuia minibicomis, for which 
M. speciosa was recently confirmed as the invertebrate host 
(Bartholomew et aI., 2006). 
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KLOSS/ELLA QU/MRENS/S (APICOMPLEXA: KLOSSIELLIDAE) CAUSES RENAL 
COCCIDIOSIS IN WESTERN BARRED BANDICOOTS PERAMELES BOUGA/NV/LLE 
(MARSUPIALlA: PERAMELIDAE) IN WESTERN AUSTRALIA 
M. D. Bennett, L. Woolford, A. J. O'Hara, P. K. Nicholls, K. S. Warren, J. A. Friend*, and R. A. Swan 
School of Veterinary and Biomedical Science, Murdoch University, South Street, Murdoch, Western Australia, Australia, 6150. 
e-mail: m.bennett@murdoch.edu.au 
ABSTRACT: Previous studies have described a range of Klossiella species parasitic in marsupial hosts. Klossiella quimrensis is 
the etiologic agent of renal coccidiosis in the peramelid marsupial hosts Isoodon obesulus and Perameles gunnii in Eastern 
Australia, but there is no previous report of klossiellosis in Western Australian peramelids. This study describes klossiellosis 
diagnosed by histology of renal tissue sections collected during necropsy of 20 Perameles bougainville between 2000 and 2005. 
Sporonts, sporoblasts, and macrogametes were identified within parasitophorous vacuoles of epithelial cells located near the renal 
corticomedullary junction. The prevalence of renal coccidiosis in P. bougainville diagnosed by renal histology is estimated at 
30%. Only a single unsporulated sporocyst was detected by examination of cystocentesis-collected urine, indicating that micro-
scopic evaluation of urine samples is an insensitive diagnostic test for detection of K. quimrensis in P. bougainville. This infection 
in P. bougainville is indirectly associated with mild multifocal interstitial Iymphohistiocytic nephritis and is likely to be only 
minimally pathogenic in otherwise healthy individuals. Our study also extends the host and geographic range of K. quimrensis 
to include P. bougainville and Western Australia. 
Klossiellidae and Klossiella were erected for Klossiella mur-
is, a renal coccidian parasite of mice. Klossiella spp. parasitize 
vertebrates and usually infect the kidneys (Taylor et aI., 1979). 
There are currently 18 named Klossiella spp., mammalian hosts 
of which occur across the world in 3 eutherian orders, Peris-
sodactyla, Rodentia, and Chiroptera, and 3 marsupial orders, 
Didelphimorphia, Diprotodontia, and Peramelemorphia (Levi-
ne, 1988). Klossiella quimrensis has been described in the kid-
neys of the peramelid hosts Isoodon obesulus (Shaw, 1797) and 
Perameles gunnii Gray, 1838, from Maria Island, Tasmania, 
Australia (Barker et aI., 1975). The present study reports on the 
morphology, pathology, and prevalence of K. quimrensis infec-
tion in another peramelid host, the endangered western barred 
bandicoot, Perameles bougainville QUoy and Gaimard, 1824, 
from Western Australia. 
MATERIALS AND METHODS 
Western barred bandicoots were housed at the Kanyana Wildlife Re-
habilitation Centre in small enclosures approximately 1.5 m X 1.5 m 
and at Dryandra Woodland in large enclosures approximately 400 m X 
500 m. During necropsies conducted on 20 western barred bandico~ts 
from these 2 captive breeding colonies between 2000 and 2005, kidneys 
were examined grossly, and representative samples of kidney tissue 
were collected into 10% neutral buffered formalin. Once fixed, these 
tissues were embedded in paraffin, sectioned at 4 /-Lm, and stained rou-
tinely with hematoxylin and eosin (H&E). Sections of renal tissue were 
examined for evidence of klossiellosis and any associated renal pathol-
ogy using an Olympus BX51 light microscope. Whenever possible, 
urine was collected by cystocentesis during Jl~cropsy and screened mi-
croscopically for evidence of urinary sporocysts. All measurements 
were made using an ocular micrometer. 
RESULTS 
Six of 20 (30%) kidneys examined histologically were found 
to be positive for renal coccidiosis. Whenever multiple slides 
were produced from the same infected kidney, it is noteworthy 
that each slide did not always include K. quimrensis life cycle 
Received 2 March 2006; revised 4 August 2006; accepted 15 August 
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stages. Only 1 sporocyst was detected by microscopic exami-
nation of urine collected by cystocentesis. This unsporulated 
urinary sporocyst was ellipsoidal (17 f.1m X 11 f.1m), with a 
rough, dark outer sporocyst wall and a micropyle at the more 
acutely tapered pole. 
Our description follows the example of Gardiner et aI. (1998) 
for the nomenclature of Klossiella sp. tissue stages. Parasito-
phorous vacuoles containing K. quimrensis life cycle stages are 
detectable within renal epithelial cells located near the corti-
comedullary junction. Round-to-oval basophilic macrogametes, 
5.5 f.1m in diameter, are contained within a round-to-irregular 
eosinophilic parasitophorous vacuole up to 23 f.1m in diameter 
(Figs. 1-3). Microgametes were not identified in any renal tis-
sue sections examined. Sporonts are round to ovoid, approxi-
mately 25 f.1m in diameter, amphophilic to basophilic, and dot-
ted circumferentially with 12-16 deeply basophilic nuclei (Figs. 
1, 2). These nuclei bud from the sporont, producing ovoid spo-
roblasts (5 f.1m X 7.5 f.1m) arranged around a residual body of 
amorphous cytoplasm (Fig. 2). Mature sporoblasts are ampho-
philic ovoid structures (7.5 f.1m X 10 f.1m) with multiple dotted 
basophilic nuclei. Numbers of mature sporoblasts found within 
individual parasitophorous vacuoles range from 7 to 24 (Fig. 
3). 
Klossiella quimrensis life cycle stages contained within par-
asitophorous vacuoles were not associated with any adjacent 
host inflammatory response. However, kidneys containing K. 
quimrensis were affected by mild multifocal chronic interstitial 
lymphohistiocytic nephritis. 
Renal tissue slides, demonstrating klossiellosis in P. bou-
gainville, are deposited with the Australian Registry of Wildlife 
Health, Taronga Zoo, Mosman, NSW, Australia, ARWH 
5055.2. 
DISCUSSION 
Eleven of the 18 named Klossiella spp. are found in marsu-
pials, 10 of which occur in Australian marsupials (Barker et aI., 
1975, 1984). The 7 remaining named species occur in rodents, 
eguids, bats, and the Boa constrictor (Levine, 1988). An un-
named Klossiella sp. has been reported in primates (Schoeb, 
1984) and another in an owl (Helmboldt, 1967). 
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FIG RES 1- 3. Photomicrograph of K. qllimrellsis life cyc le slages in renal ti ssue from P. bOLigaillville in Western Australia. Bar = 15 fJ.m. 
(1) Earl y sporont (& ) demonstrating the c ircumferential di position of the nuclei and a macrogamete (T ) contained within parasitophorous vacuole. 
(2) M acrogametes (T ) , an earl y sporont (& ), and a late budding sporont ( .... ) within parasitophorous vacuoles. (3) Free mature sporoblasts (~ ) 
and macrogametes (T ) w ithin para itophorou vacllo les. 
F IGU RES 1- 3. Continued. 
Our observation of Klossiella p. in we tern barred bandi-
coots are closely comparable to the descripti on g iven by B arker 
et al. ( 1975) for K. quimrens is in P. gunnii and I. obesulus 
(Table I) . Perameles bougainville once occurred acro s much 
of arid southern mainland Australia prior to the recent severe 
decline in it range, attributed to habi tat de truction and intro-
duced spec ies, particularly introduced predators (Friend, 1990). 
Therefore, P. bougainvil/e may formerly have been sympatri c 
with I . obesulus in New South Wales, Victori a, South Australia, 
T ABLE I. Comparison of K. quimrellsis li fe cycle tages in P. bougain-
ville from Western Austra lia and observat ions by Barker et a l. ( 1975) 
of K. quimrellsis from I. obesulus. 
# , 
P. bougaill ville I. obesuills 
Macrogametes ( /Lm diam.) 5.5 7 
Macrogamele paras ilophorous 
vacuole ( /Lm diam.) < 23 < 28 
Sporont ( /L m diam.) 25 30 
Number of sporont nuclei 12- 16 D* 
Number of sporoblasts 7- 24 > 20 
Sporoblast dimensions ( /L m ) 5- 7.5 X 7.5- 10 3- 5.5 X 7- 11 
Microgameles ( /Lm diam.) D* 1.5 
Urinary sporocysl dimensions 
(/Lm) II X 17 ND* 
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and We tern Australia (A shby et aI. , 1990; Fri end 1990; Kem-
per, 1990 ; M enkhorst and Seebeck, 1990). The similarities in 
life cycle stage morpho logy and po sible formerly overlapping 
natural range led us to propose that K. quimrensis be considered 
the etio logic agent of renal cocc idiosis in P. bougain vi/le . 
The complete life cycle of K. quimrensis remains unknown . 
M o t tudie investigating the life cycle, epidemiology, and pa-
tho logy of Klossiella spp. have invo lved K. tl"luris and have 
been reviewed (Tay lor et aI. , 1979). 
There is no reliable ante-mortem test avail able to diagnose 
renal coccidiosis in P. bougain ville. Sporocyst. of Klossiella 
spp. are detected in urine infrequently and may be refractory 
to traditional laboratory concentrati on methods (Reppas and 
Collins, 1995). Therefore, microscopic examination of urine 
cannot be relied upon to diagnose kl ossiello is, nor can mild-
to-moderate renal coccidios is be detected by macroscopic in -
spection of kidneys. Histology of mul tiple ection of kidney 
ti sue remain the gold standard for defini ti ve diagnos is of kl o -
siellosis (Tay lor et al. 1979). 
We have not yet encountered a clini cal case of klo siellosi 
in P. bougain ville . All K. quimrensis- infected kidney secti on 
examined demonstrated mild to focally moderate parasite bur-
dens that would not, of themselves, severely compromise renal 
function. There wa no inflammatory respon e directly a soci-
ated with intracellular li fe cycle stages of K. quimrensis in P. 
bougainville; however, mild multi foca l chronic interstiti al Iym-
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phohistiocytic nephritis was evident in the infected kidneys. We 
consider klossiellosis to be an incidental finding in this host. 
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TRYPANOSOMA CRUZI PREVALENCE AND EPIDEMIOLOGIC TRENDS IN LEMURS ON 
ST. CATHERINES ISLAND, GEORGIA 
Chris A. Hall, Crystal Polizzi, Michael J. Yabsley*, and Terry M. Nortont 
Department of Biology, Berry College, Mount Berry, Georgia 30149. e-mail: chal/@berryedu 
ABSTRACT: Lemurs on St. Catherines Island, Georgia were tested for Trypanosoma cruzi infection to develop a better under-
standing of the epizootiology of the parasite in nonhuman primates in the southeastern United States. Fifty-six ring-tailed (Lemur 
catta), blue-eyed black (Eulemur macaco flavifrons), and black-and-white ruffed (Varecia variegata variegata) lemurs were tested 
by hemoculture and serology to determine the prevalence of T. cruzi in the population. Of those tested 3 (5%) were identified 
as culture positive and 25 (44.6%) as seropositive. When hemoculture results were compared with those from a similar study 
performed in 1997, prevalence remained unchanged. Genetic characterization of the 3 culture isolates indicated they belong to 
the T. cruzi IIa group, which is identical to strains previously isolated from raccoons on the island. Despite the occurrence of T. 
cruzi in the population, there was no evidence that the health of the lemurs was compromised as a result of infection. Based 
upon prevalence and available breeding records we speculate that both vertical and vector-mediated transmission play significant 
roles in the epidemiology of T. cruzi on the island. This also represents the first report of autochthonous infection in blue-eyed 
black and black-and-white ruffed lemurs. 
Trypanosoma cruzi is an epizoonotic hemoflagellate proto-
zoan and the etiological agent of Chagas disease in humans. 
Vectored by specific hematophagous species of the Reduviidae, 
T. cruzi is widely distributed across Latin America and the 
southern United States. Although human infections are common 
throughout Latin America, in the United States only sylvatic 
mammalian species are commonly infected, although rare cases 
of peridomestic infections in canines and humans have been 
recorded (Herwaldt et aI., 2000; Beard et aI., 2003). 
The raccoon (Procyon lotor) is an important sylvatic reser-
voir species for T. cruzi in the southeastern United States. He-
moculture-based surveys of raccoons from Georgia indicate that 
prevalences ranged from 15 to 60% (Pung et aI., 1995; Pietrzak 
and Pung, 1998). A serological survey performed on raccoons 
from 5 diverse physiographic regions across South Carolina and 
Georgia reported a slightly higher prevalence, ranging from 37 
to 61 % (Yabs1ey and Noblet, 2002a). 
The ability of T. cruzi parasites from Georgia to infect non-
human primates was demonstrated during a hemoculture survey 
of free-ranging lion-tailed macaques (Macaca silenus) and ring-
tailed lemurs (Lemur catta) on St. Catherines Island, Georgia 
(Pung et aI., 1998). In that study 7 of 11 (63.6%) lion-tailed 
macaques and 1 of 19 (5%) ring-tailed lemurs were culture 
positive. Based on small ribosomal RNA subunit analysis, the 
nonhuman primate isolates were of the Type IIa lineage, the 
same as those isolated from raccoons on the island. The ma-
jority of characterized T. cruzi isolates obtained from raccoons 
in the southeastern United States have been of the Type IIa 
lineage, whereas those from opossums in the same geographic 
region have been principally Type I stJ'ains (Clark and Pung, 
1994; Bamabe et aI., 2001). 
The difference in prevalence between the lemur and macaque 
populations is significant given that they occupied similar en-
vironments on the island. Modifications in feeding behavior, 
imprecise detection methods, or a decreased susceptibility of 
Received 9 May 2006; revised 21 June 2006; accepted 12 July 2006. 
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the lemurs might explain these results. Macaques are known to 
actively forage for insects (Kurup and Kumar, 1993) and those 
on St. Catherines Island were observed actively feeding on Tri-
atoma sanguisuga, the principal vector species in the region 
(Pung et al., 1998). The species of lemurs tested are predomi-
nantly frugivorous, although opportunistic feeding on insects 
may occur (Rowe, 1996). The identification of the single in-
fected lemur suggests that there is no innate resistance to in-
fection with T. cruzi. Also, virtually every mammal exposed to 
T. cruzi, whether naturally or experimentally, develops an ac-
tive infection, which argues against such a specialized adapta-
tion. Obviously, these assumed differences in prevalence be-
tween the macaques and lemurs are based upon the supposition 
that hemoculture provides a reliable indication of infection sta-
tus. 
Hemoculture, although offering definitive proof of an active 
infection when detected, is only effective when the numbers of 
blood stream trypomastigotes are present in sufficient numbers 
to ensure their presence and reproduction in the culture. Ani-
mals in the chronic phase of infection routinely have undetect-
able parasitemias and, consequently, infection may go undiag-
nosed by hemoculture. This is especially relevant in those pop-
ulations infected with less-virulent strains, which typically gen-
erate lower parasitemias (Yabsley and Noblet, 2002b). A direct 
comparison of hemoculture and serology performed on a cohort 
of raccoons found the latter technique more sensitive at detect-
ing infection, and thus likely to provide a more reliable measure 
of prevalence (Yabsley et aI., 2001). 
We sought to address several epidemiological questions as-
sociated with T. cruzi in the lemur population on St. Catherines 
Island. First, what is the current prevalence of infection in the 
lemur population, and second, how well do the results of he-
moculture represent the prevalence in this population when 
compared to serological assays in these species? Also, we 
sought to determine whether blue-eyed black lemurs (Eulemur 
macaco fiavifrons) or the black-and-white ruffed lemurs (Va-
recia variegata variegata) were becoming infected on the is-
land. Infection with T. cruzi has yet to be reported in either of 
these species. Finally, because the appearance of a new ribotype 
in the population would represent an epidemiologically impor-
tant event, molecular characterization of culture isolates was 
also performed. 
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MATERIALS AND METHODS 
Study population 
St. Catherines is a barrier island off the coast of Georgia; the island 
comprises approximately 2,780 ha of land, composed primarily of de-
ciduous and evergreen forests, palmetto scrub, and open savannah. The 
Wildlife Conservation Society first introduced lemurs on to the island 
in 1984. At the time of sampling, 4 groups (Groups 1-4) offree-ranging 
ring-tailed lemurs occupied the north end of the island, with an addi-
tional group of blue-eyed black lemurs located approximately midway 
down the island. Four previously free-ranging black-and-white ruffed 
lemurs were housed in a wire enclosure. Free-ranging animals enjoy 
unlimited access to native flora, but are provided supplemental food 
daily. Shelter is accessible to the free-ranging lemurs, but they tend to 
utilize trees as sleeping sites. A complete diagnostic workup including 
physical examination, full-body radiographs, tuberculin testing, clinical 
pathology, and paternity testing is performed annually. Dental exams 
are performed as needed. A parasite control program consists of quar-
terly fecal exams, monthly administration of Interceptor (Novartis, Bas-
al, Switzerland), and as needed, administration of fenbendazole. Front-
line (Merial, Athens, Georgia) is administered topically at the time of 
annual examination to prevent warble fly infestation. The St. Catherines 
Island Center supplied the available breeding records for the lemurs. 
Sample collections 
The serum and whole blood samples used for this study were col-
lected during the annual physical examinations carried out between July 
and September of 2003. Included in this study were 46 ring-tailed, 4 
black-and-white ruffed, and 6 blue-eyed black lemurs. Ages ranged be-
tween 1 and 16 yr. Animals were either physically restrained or anes-
thetized with isoflurane (Aerrane, Ohmeda PPD, Liberty Comer, New 
Jersey). Whole blood samples were collected into ethylenediaminetet-
raacetic acid (EDTA)-treated Vacutainers (Becton Dickinson, Franklin 
Lakes, New Jersey) and serum clot tubes without anticoagulant. Sterile 
samples of whole blood from each animal were shipped to the South-
eastern Cooperative Wildlife Disease Study in Athens, Georgia, for he-
moculture. Sera were forwarded to Berry College, Department of Bi-
ology, Mount Berry, Georgia, for serological testing. Sampling resulted 
in 56 whole-blood samples and 50 testable sera. When divided by group 
association, the 41 available ring-tailed lemur sera samples were dis-
tributed as follows: 3 from Group 1, 11 from Group 2, 15 from Group 
3, and 13 from Group 4. Five blue-eyed black lemurs and 4 black-and-
white ruffed lemur sera were available for testing. 
Vector survey 
A limited survey was conducted during a single day to collect Tri-
atoma sanguisuga specimens from the areas around various animal fa-
cilities and from remote locations on St. Catherines Island. Captured 
bugs were returned to Berry College for dissection of mid- and hindguts 
to determine their T. cruzi infection status. 
Hemoculture 
Approximately 2.5 ml of whole blood was cocultured in the presence 
of DH-82 canine macrophages as previously described (Yabsley et al., 
2004). Cultures were maintained at 37 C and 5% CO2 for a maximum 
of 45 days. The presence of extracelll1lru- trypomastigotes was inter-
preted as a positive hemoculture result. 
Serology 
Serum samples were individually tested for the presence of anti-To 
cruzi antibodies by ELISA. In brief, commercially available T. cruzi 
ELISA kits were purchased (Hemagen Diagnostics, Columbia, Mary-
land) and adapted for use with lemur sera with the following modifi-
cations. Trypanosoma cruzi antigen--coated 96-well plates were blocked 
with 200 ILl/well of a 5% nonfat dried milklPBS solution for 1 hr prior 
to assay. Sera were diluted 1 :50 using the diluent provided by the man-
ufacturer and 100 ILl/well aliquots dispensed. Plates were incubated for 
1 hr, then washed 4 times with the buffer supplied. A 1:500 dilution of 
a rabbit anti-lemur antibody was dispensed at 100 ILl/well and incubated 
for 1 hr. After incubation, plates were washed and 100 ILl of a 1 :20,000 
dilution of a monoclonal mouse anti-rabbit antibody (clone RG-16) con-
jugated to horseradish peroxidase (Sigma, St. Louis, Missouri) was add-
ed to each well. Following incubation, plates were washed and devel-
oped with the addition of the TMB solution supplied with the kit. The 
reaction was stopped at approximately 15 min with 1 N H2S04 and 
plates were read immediately using a BioRad 680 microplate reader set 
at 460 nm. All incubations were for 1 hr at room temperature unless 
otherwise noted. A mean negative value was determined by pooling 
data from 12 individual lemur sera that routinely resulted in low ab-
sorbance readings. A positive result was taken as any sample whose 
absorbance exceeded the mean negative value by 3 standard deviations. 
All samples were assayed a minimum of 3 times. This ELISA technique 
has been shown to be comparable to indirect immunofluorescent anti-
body testing of raccoons for T. cruzi (Yabsley et aI., 2001). 
Trypanosoma cruz; genotyping 
Characterization of the nontranscribed spacer of the miniexon gene 
was performed as described (Brisse et aI., 2001) using a pool of 3 
primers (TC, TC1, and TC2). Characterization of the D7 divergent do-
main of the 24S rRNA was performed as described by Souto et al. 
(1996) using primers D71 and D72. Characterization of the size-variable 
domain of the 18S rRNA gene was performed as previously described 
(Clark and Pung, 1994; Brisse et aI., 2001) using primers VI and V2. 
Together these 3 gene targets provide a reliable method to distinguish 
T. cruzi I and all of the T. cruzi II subgroups, except T. cruzi lIb and 
T. cruzi lIe. Amplified products were electrophoresed in a 3% agarose 
gel with ethidium bromide and visualized by transillumination with uv 
light. Amplicon sizes were estimated by comparison with a lO-bp mark-
er ladder (Promega, Madison, Wisconsin) and software provided with 
the AlphaInnotech gel documentation and analysis system. 
Statistics 
Chi-square analysis (ex = 0.05) was used to test for differences in 
prevalence between the results of the current study and data from Pung 
et al. (1998), as well as comparisons of vertical transfer in infected (vs.) 
uninfected lemurs. 
RESULTS 
Vector survey 
Five live specimens of T. sanguisuga were collected from St. 
Catherines. Two adult specimens were found under the bark of 
a downed southern live oak (Quercus virginiana), 2 (1 adult 
and 1 fifth instar) under the loose bark of standing southern live 
oaks, and 1 fifth instar in the flooring of an abandoned cabin. 
Three of the specimens were obtained from the north end of 
the island and 2 from the south end. Dissection and microscopic 
examination of the guts of the 5 T. sanguisuga specimens failed 
to find any evidence of T. cruzi infection. 
Hemoculture 
Trypanosoma cruzi parasites were isolated from 3 ring-tailed 
lemurs, whereas none of the blue-eyed black or black-and-white 
ruffed lemurs was culture positive (Table I). There was no sig-
nificant difference between the present study and findings of 
Pung et al. (1998) with respect to hemoculture-based prevalence 
in the ring-tailed lemurs (X2 = 0.037). 
Serology 
Serologic evidence for T. cruzi infection was detected in 25 
of the 50 (50%) samples tested (Table I). One blue-eyed black 
lemur (20%), 3 black-and-white ruffed lemurs (75%), and 21 
ring-tailed lemurs (51 %) were seropositive. All culture-positive 
animals also tested positive by ELISA, confirming the validity 
of the assay. When serological results were used to determine 
group-associated prevalence among the ring-tailed lemurs, we 
• 
TABLE I. Prevalence of Trypanosoma cruzi infection in lemurs by he-
moculture and serological assay. 
Lemur species 
Blue-eyed black lemur 
Black-and-white ruffed lemur 
Ring-tailed lemur 
Total 
Hemoculture 
No. pos.ino. 
tested 
(% prevalence) 
0/6 (0%) 
0/4 (0%) 
3/46 (6.5%) 
3/56 (5.4%) 
Serology 
No. pos.ino. 
tested 
(% prevalence) 
1/5 (20.0%) 
3/4 (75.0%) 
21141 (51.2%) 
25/50 (50.0%) 
found that 3 of 3 (100%) lemurs in Group 1, 6 of 11 (54.5%) 
in Group 2, 5 of 15 (33.3%) in Group 3, and 7 of 13 (53.85%) 
in Group 4 tested positive for exposure to T. cruzi. 
Genetic typing 
Based on analysis of the mlll1eXOn, 24Su rRNA, and 18S 
rRNA genes, the 3 T. cruzi isolates from ring-tailed lemurs 
belong to the T. cruzi IIa genogroup. 
DISCUSSION 
Based upon serological results, this study presents the first 
evidence of autochthonous T. cruzi infections in blue-eyed 
black lemurs and black-and-white ruffed lemurs. The results 
also confirm a significant disparity in the estimation of preva-
lence of T. cruzi infection depending upon the technique ap-
plied. Serology indicated that the overall prevalence of T. cruzi 
was 50%, whereas hemoculture identified only 5% of the ani-
mals as infected. This is consistent with the findings of Yabsley 
et al. (2001) confirming serology as the more sensitive tech-
nique. It remains theoretically possible that lemurs could clear 
a T. cruzi infection while maintaining transient levels of para-
site-specific antibodies, thus providing a false positive for in-
fection. We feel that this scenario is unlikely given that there 
is currently no evidence to indicate that any mammal can clear 
an active T. cruzi infection. Studies specifically addressing the 
possibility of spontaneous cure have demonstrated that mice 
that are chronically infected with T. cruzi but lacking detectable 
blood parasitemias became positive after treatment with an im-
munosuppressive agent (Magalhaes and Andrade, 1994). Also, 
the ring-tailed lemur that tested positive during the survey per-
formed by Pung et al. (1998) remained consistently culture pos-
itive over the next 2 yr (0. Pung, pers. comm.). 
Molecular characterization of the 3' ;ulture isolates as be-
longing to the T. cruzi IIa lineage is consistent with previous 
results, confirming that the infections are likely the same strain 
circulating in raccoons on the island. As mentioned previously, 
this lineage has been consistently associated with raccoon res-
ervoirs in the southeastern United States, including those on St. 
Catherines Island (Clark and Pung, 1994). Raccoons are widely 
distributed on the island, but opossums are still absent. Previous 
studies show that T. sanguisuga is capable of vectoring both T. 
cruzi I and T. cruzi IIa (Beard et aI., 1988; Bamabe et aI., 2001). 
Thus, it would be of particular interest to track the epidemiol-
ogy of a Type I strain, and its interactions with Type IIa-in-
fected hosts, should it become introduced into the lemur pop-
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ulation. The environment on St. Catherines could provide a 
unique opportunity given its ecologically natural, but relatively 
closed, setting. This system would also allow the epidemiolog-
ical study of interactions between primate, vector, and reservoir 
populations in a situation where climate data are readily avail-
able. 
The high prevalence of T. cruzi in the lemur population is 
worth continued consideration. Native sylvatic reservoir species 
in the southeastern United States have a long evolutionary his-
tory with T. cruzi (Barnabe et aI., 2001) and, therefore, are 
expected to have reached an endemic leveL The fact that the 
lemurs on St. Catherines have attained a high prevalence level 
in 22 yr would suggest an efficient mechanism of T. cruzi trans-
mission, or contributions from 2 or more mechanisms working 
in concert. The efficiency of transmission is also confirmed by 
the high prevalence in the macaques after only 6 yr on the 
island. Several possibilities may account for these observations. 
For example, the transmission frequency may be increased be-
cause of a high density of infected vectors on the island. Our 
own experiments (data not shown), as well as those of others 
(Pippin, 1970), suggest that T. sanguisuga is likely a poor vec-
tor for fecal transmission. This suggests that the primary means 
of transmission through this species is largely dependent upon 
the host's ingestion of infected bugs. Although there is no direct 
evidence that lemurs actively forage for triatomines, the obser-
vation that macaques did suggests that even opportunistic feed-
ing on the part of the lemurs could contribute to overall prev-
alence. Feeding patterns present a situation in which transmis-
sion would be directly dependent on the density of infected 
vectors in the environment. Our own results from the brief sur-
vey for T. sanguisuga on the island found no specimens in the 
proximity of the animal enclosures, with only a total of 5 bugs 
collected from the more remote areas of the island. Of those 
specimens collected, none was infected with T. cruzi. It has 
been our personal experience in collecting T. sanguisuga that 
foci of high bug densities exist with limited numbers being 
found outside that site. It is likely such foci exist on St. Cath-
erines but were not detected during our search. To gain a clearer 
understanding of the vector's role in transmission, the density, 
distribution, and infection status of T. sanguisuga on the island 
should be investigated by a more thorough and systematic sur-
vey, possibly facilitated by the use of bug traps. 
Another factor potentially affecting the epidemiology of T. 
cruzi in this population is the potential for vertical transmission. 
Trypanosoma cruzi can be passed congenitally (Azogue et aI., 
1985) and, although rare, via trans mammary passage (Miles, 
1972). Most of the lemurs tested were conceived and born on 
the island, making it possible that vertical transmission contrib-
utes considerably to transmission potentiaL Because of the in-
creased potential for coevolution with placental mammals, the 
T. cruzi strains cycling in the southeastern United States may 
have adapted mechanisms to facilitate vertical transmission. 
Our own preliminary experiments in mice have confirmed that 
a Type IIa strain of T. cruzi isolated from one of the ring-tailed 
lemurs is twice as likely to be vertically transferred as a Type 
I isolate (data not shown). Breeding records indicate that of the 
14 lemurs tested at 2 yr or less of age, 8 (57%) were seropos-
itive, a prevalence greater than the population considered as 
whole. Statistical analysis confirmed a positive correlation be-
tween the distribution of infected progeny and the infection 
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status of the mother (X 2 = 28.95). The same relationship could 
not be demonstrated for infection correlated to age. The average 
age for infected (vs.) uninfected lemurs on the island was 4.7 
(±3.9) and 5.0 (±3.9) years respectively. Under the expectation 
that vector consumption is primarily responsible for T. cruzi 
transmission, the chance of becoming infected should increase 
over time as more bugs are consumed. Also, of the 5 lemurs 
tested that were not born on St. Catherines, all were seroneg-
ative, despite an average time on the island of 7.2 yr (range 
from 2 to 13 yr). 
Interestingly there are no reported health consequences or 
effects on fecundity in the lemurs as a result of infection. These 
observations fit the tenets of virulence management related to 
a pathogen's evolution toward vertical transmission (Day, 
2002). Natural selection for such a shift in transmission strat-
egies would be especially profound with an increasingly inef-
ficient vector species, as may be the case with T. sanguisuga 
(Pippin, 1970). Although this concept enjoys only circumstan-
tial support, we feel it presents an important epidemiological 
question that warrants future experimental consideration. 
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MOLECULAR CHARACTERIZATION OF TWO MYOGLOBINS OF 
PARAGONIMUS WESTERMANI 
Jefferson V. de Guzman, Hak-Sun Yu*, Hae-Jin Jeong*, Yeon-Chul Hong, Jin Kimt, Hyun-Hee Kong, and Dong-II 
Chung:j: 
Department of Parasitology, Kyungpook National University School of Medicine, Daegu 700-422, Korea. e-mail: dichung@knu.ac.kr 
ABSTRACT: Myoglobins (Mbs), globin proteins, are present in high concentrations in trematodes. In Paragonimus westermani, 
2 cDNAs were found to encode Mbs. The first clone, Pwmyol, codes a total of 149 amino acids with a calculated mass of 16.6 
kDa. The second, Pwmyo2, encodes a 146-amino acid protein with a calculated mass of 16.2 kDa. The predicted secondary 
structures showed the presence of 8 helices, which is the basic characteristic of Mbs. Sequence alignment revealed a high 
homology with the other trematode Mbs. The 2 clones contained the characteristic tyrosyl residues at helical positions B 10 and 
distal E7, which are substitutions that have been previously shown to contribute to the high oxygen affinity of Mbs. Polyclonal 
antibodies against the recombinant Mbs were raised with no cross-reactivity observed. Immunolocalization revealed the proteins 
to be distributed generally throughout the parenchymal tissues, but absent from the tegument and reproductive organs. The cell 
mass of the eggs of the worm stained positive to Pwmyo2 but not Pwmyol, suggesting the stage-specific expression of these 
Mbs. 
Globins are proteins that typically form complexes with 
heme and other organic molecules to transport and store oxygen 
for aerobic metabolism. This family consists of a diverse set of 
homologous protein domains, including the following: (1) het-
erotetrameric vertebrate hemoglobins (Hbs) (Hardison, 1998); 
(2) microorganismal flavohemoglobins (Zhu and Riggs, 1992; 
Frey and Kallio, 2003); (3) homodimeric bacterial Hbs (Wak-
abayashi et aI., 1986; Frey and Kallio, 2003); (4) plant leghe-
moglobins (Dickerson and Geis, 1983); (5) plant nonsymbiotic 
hexacoordinate globins (Andersson et aI., 1996) and hexacoor-
dinate globins from bacteria and animals, such as neuroglobin 
(Hardison, 1998; Trent et al., 2001); (6) invertebrate Hbs (De-
wilde et aI., 1998; Hardison, 1998); and (7) monomeric myo-
globins (Mbs) found in animal muscle tissue and in other in-
vertebrates (Tuchschmid et aI., 1978). The discovery that these 
proteins are present in all organisms suggests that the genes for 
heme proteins are ancient and might have functions other than 
the binding and transportation oxygen. 
In trematodes, Mbs, which are sometimes called Hbs, are 
widespread and often present in high concentrations (Lee and 
Smith, 1965; Barrett, 1981). However, trematodes have been 
reported to employ anaerobic metabolism (Mansour, 1979) and 
often reside in microhabitats with fluctuating oxygen tensiom;, 
These considerations have raised questions regarding the phys-
iological role of trematode Mbs. Initially, it was believed that 
trematodes derived their heme proteins from their hosts as a 
consequence of their parasitic mode of life by feeding upon the 
tissues, including blood, of their vertebrate hosts (Lee and 
Smith, 1965; Todd and Ross, 1966; Halton, 1967). More re-
cently, biochemical studies have shown that trematodes are ca-
pable of synthesizing their own heme proteins (Haque et al., 
1992; Rashid, Haque, and Saddiqi, 1993; Rashid, Haque, Sid-
diqi, Stern et aI., 1993; Rashid et aI., 1995, 1997). In addition, 
these trematode heme proteins are remarkably different from 
those of vertebrates. Trematode Mbs are monomeric, and ap-
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proximately 17 kDa in size; they are located intracellularly, and 
resemble Mbs throughout the body (Rashid et aI., 1997; Chung 
et aI., 2003). However, unlike vertebrate Mbs, trematode Mbs 
display tyrosyl residues at the helical positions, B 10 and E7 
(distal), instead of the more common leucine and histidine, re-
spectively (Rashid et al., 1997; Zhang et al., 1997; Kiger et aI., 
1998; Pesce et aI., 2001; Chung et al., 2003; Du et al., 2003; 
Sim et al., 2003). Although the globins of nematodes such as 
Ascaris suum Hb and Nippostrongylus brasiliensis cuticular and 
body globin also contain tyrosine (Tyr) at the BlO position 
(Blaxter, Ingram, and Tweedie, 1994; Blaxter, Vanfleteren et al. 
1994; De Baere et al., 1994; Yang et aI., 1995), a Tyr residue 
at the distal E7 site is quite rare in wild-type Mbs (Kapp et al., 
1995). 
The unusual amino acid substitutions might be responsible 
for the exceptionally high oxygen affinity of trematode globins 
(Kiger et aI., 1998; Pesce et al., 2001). High- resolution struc-
tural analyses in Paramphistomum epiclitum suggested that this 
globin has the highest oxygen affinity observed in the Hb fam-
ily thus far (Rashid et al., 1997; Rashid and Weber, 1999; Pesce 
et aI., 2001; Du et al., 2003). Besides having a remarkably high 
oxygen affinity, trematode Mbs also appear to be the most prim-
itive animal globins known, as indicated by phylogenetic anal-
ysis of their primary structure (Rashid et aI., 1997). 
With this background, the 2 cDNAs derived from the ex-
pressed sequence tag (EST) data of Paragonimus westermani 
(Kim et aI., 2006) were characterized using sequence analysis 
and by the expression of the recombinant protein in Escherichia 
coli. The antigenicity of the recombinant proteins and their lo-
calization in the worm were also evaluated. 
MATERIALS AND METHODS 
Polymerase chain reaction and sequencing 
The cDNAs used in this study were derived from a cDNA library 
constructed using P. westermani adults. The UNI-ZAJ>@> XR vectors 
containing the cDNAs were extracted from XLI-blue MRF strain and 
inserts ascertained by digestion with EcoRl and Xhol restriction en-
zymes. Full genes of P. westermani Mb type I (Pwmyol) and P. wes-
termani Mb type II (Pwmyo2) were obtained by polymerase chain re-
action (PCR) using the cDNAs as template and constructed gene-spe-
cific primers. The primers were designed using the clones obtained from 
the EST analysis of P. westermani showing homology to Mb. The se-
quences of the primers were as follows with the restriction enzyme 
sequences underlined: 
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Pwmyol: 
Forward: TATCATGAATTCCCATGGCGCCACTCACG 
Reverse: CATGCACTCGAGCATCAGGAAGATTTITGG 
Pwmyo2: 
Forward: ATAGAATTCCCATGGCTGTGTTGA 
Reverse: AATAGACTCGAGAATGTTGTAAAATCA 
PCR was performed for 30 cycles at 94 C for 30 sec, 50 C for 30 sec, 
and 72 C for 1 min and products analyzed on 1 % agarose gels, extracted 
and cloned into pGEM T-Easy vectors (Promega, Madison, Wisconsin) 
for sequence confirmation. Seven clones were sequenced for all the PCR 
products and sequences were read in a single direction with PE377 
DNA sequencer (Perkin Elmer, Rockford, Illinois). 
Sequence analysis 
Sequences obtained were searched for homology using the Basic Lo-
cal Alignment Search Tool X (BLASTx) program of the National Center 
for Biotechnology Information (NCB I), National Institutes of Health 
(Bethesda, Maryland). Sequence alignment with other previously re-
ported Mbs in the database was performed using the Clustal W version 
1.82 program of the European Bioinformatics Institute server (San Di-
ego, California). Predicted motifs and secondary structures were ob-
tained through PredictProtein, a service for sequence analysis and pro-
tein structure prediction produced by Columbia University Bioinfor-
matics Center (New York, New York). The Conserved Domain Data-
base, a database resource of NCBI, was used to identify the protein 
families and domains. The molecular weight and isoelectric points of 
the 2 Mbs were computed from the deduced amino acid sequence using 
the Translate program of the ExPASy Proteomics server (Cary, North 
Carolina). 
Expression and purification of recombinant proteins in E. coli 
For the production of recombinant proteins, the GST gene fusion 
system was utilized (Amersham Biosciences AB, Uppsala, Sweden). 
Briefly, full-length cDNAs were cleaved with EeoRI and XhoI and li-
gated into equivalently cleaved pGEX-KG expression vectors. Trans-
formants obtained in E. coli strain BL2l were verified by sequencing 
and protein expression induced with isopropyl-B-D-thio-galactopyron-
oside (IPTG) and bulk cultures were lysed by sonication. Purification 
of proteins was done using glutathione sepharose 4B (Amersham, Upp-
sala, Sweden) following the manufacturer's instructions. Proteins were 
separated by sodium dodecyl sulfate-polyacrylamide gel electrophore-
sis (SDS-PAGE) and concentrations were measured spectrophotomet-
rically at 590 nm by comparing to a bovine serum albumin (BSA) 
standard (BioRad, Hercules, California). 
Production of polyclonal antirecombinant protein antibody 
Polyclonal antibodies were raised in 3-wk-old male Spragut! Dawley 
(SD) rats against the purified recombinant Pwmyol and Pwmyo2 pro-
teins. Prior to immunization, blood samples were collected from the rats 
and used as preimmune sera. The rats were injected subcutaneously with 
-50 I1g of recombinant proteins emulsified in an equal volume of 
Freund's complete adjuvant. Three boosters were administered at 14, 
28, and 42 days after the first injection using -50 I1g of proteins in an 
equal volume of Freund's incomplete adjuvant. Blood samples 'were 
collected from each rat before administ~ring boosters in order to mon-
itor antibody production. Antisera were collected from each rat 14 days 
after the final booster and analyzed by western blotting. 
Western blotting 
Recombinant Mbs were separated by electrophoresis in 12.5% SDS-
PAGE gels and transferred to nitrocellulose membranes. The mem-
branes were incubated in a 1 :500 dilution ratio of sera from rats and 
dogs infected with P. westermani, followed by incubation with 1:2,000 
diluted HRP (horse radish peroxidase)-labeled antibodies. For detection, 
electrochemcalluminescence (ECL) western blotting detection reagents 
were used (Amersham Biosciences UK, Buckinghamshire, England). 
Immunohistochemistry of adult P. westermanl 
Paraffin-embedded cross-sections of P. westermani adults were in-
cubated with the polyclonal antirecombinant Pwmyol and Pwmyo2 an-
rabbit P02170 
....---- mackerel BAD23846 
slugseahare lDMI A §:Ch/onorchiS AAMI8464 Pwmyo I AAXI1352 
Pwmyo 2 AAXI1353 
Parampmstomum AAG48877 
/soparorchis PS0722 
1..------- Staphylococcus Y P 040389 
.------ Ascarissum P49672 
.---- Nippostrongylus bodywall P515 
'---- NippO$trongy/raoutiole AAA6SS 
Seaturtle PS6208 
chicken P02197 
giantpanda Q7M3Cl 
rat AAH70S II 
mouse AAH2S172 
human AAHl4547 
spermwhale I J52 A 
horse P02188 
.4..l.-
FIGURE 1. Phylogenetic tree derived by aligning Pwmyol (Para-
gonimus 1) and Pwmyo2 (Paragonimus 2) with other previously iden-
tified Mbs. The accession numbers are indicated beside the name of the 
organism from which the gene is derived. 
tibodies, diluted 1: 100, followed by incubation with 1: 1 ,000 diluted 
HRP-labeled antibodies. Negative controls were incubated with sera 
from uninfected rats. To develop color, slides were submerged in freshly 
prepared diaminobenzidine solution of AEC C3-amino-9-ethylcarbazole 
for 5 min and counterstained with hematoxylin. Slides were first stained 
with hematoxylin for 45 sec, rinsed with water, then soaked in bluing 
reagent and rinsed again with water. Sections were dehydrated through 
4 changes of alcohol (95%, 95%, 100%, and 100%), cleared in 3 chang-
es of xylene, and mounted for light microscopy. 
RESULTS 
Sequence analysis 
The 2 Mb genes isolated from the cDNA library of adult P. 
westermani contained the complete open reading frames. 
Pwmyo I has an open reading frame of 450 bp and encodes a 
peptide of 149 amino acid residues with a calculated mass of 
16.6 kDa and an isoelectric point (pI) of 7.92. In contrast, 
Pwmy02 has an open reading frame of 441 bp encoding a pep-
tide of 146 amino acids with a calculated mass of 16.2 kDa and 
a pI of 5.41. An alignment of the 2 Mb isoforms revealed 63.3 % 
similarity with each other. The phylogenetic tree indicated that 
the 2 genes had a high homology to trematode Mbs (Fig. 1). A 
conserved domain search using the Conserved Domain Data-
base (Marchler-Bauer et al., 2003) demonstrated the presence 
of a globin domain in both genes. An alignment of the deduced 
amino acid sequences revealed the 2 Mbs to contain the char-
acteristic tyrosyl residue substitution at the helical positions 
BID and E7 (distal) of the trematode Mbs. These substitutions 
distinguish them from the Mbs of other organisms (Fig. 2). A 
computer program for predicting the secondary structures, 
Sspro (Pollastri et aI., 2001), indicated the presence of 8 helices 
in both Pwmyol (Fig. 3A) and Pwmy02 (Fig. 3B), which are 
fundamental to Mb proteins. 
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FIGURE 2. Comparison of the deduced amino acid sequences of Pwmyol (lParagonim) and Pwmyo2 (2Paragonim) with the previously reported 
Mbs. The amino acids at the helical positions B 10 and E7 are boxed. 
Expression of recombinant P. westerman; Mbs 
The expression of the recombinant proteins in the bacteria, 
E. coli strain BL21, produced in high levels of the Pwmyol 
and Pwmyo2 proteins, were visualized by Coomassie blue 
staining of the whole bacterial lysates, which had been sepl:!-
rated by SDS-PAGE. Thick bands of the expected sizes for the 
fusion proteins, 42.6 kDa for Pwmyol-GST fusion and 42.2 
kDa for Pwmyo2-GST fusion, were detected. The expressed 
proteins were contained in the soluble fraction of the bacterial 
lysates. After purifying the fusion proteins, the bands were 
found at their expected sizes. 
Thrombin cleavage of the purified Pwmyol-GST fusion pro-
teins showed 2 major bands of sizes that were comparable to 
that of the GST protein, 26 kDa, and the calculated mass of 
Pwmyol, 16.6 kDa. However, the cleavage of the Pwmyo2-
GST fusion proteins showed a slightly different migration of 
the Pwmyo2 protein. A band of approximately 14 kDa was 
detected, which is approximately 2 kDa less than the calculated 
mass of 16.2 kDa (data not shown). 
Polyclonal antibodies against the recombinant proteins 
Antirecombinant Pwmyol and Pwmyo2 antibodies were col-
lected S6 days after immunizing SD rats with the purified re-
combinant proteins. Immunoblot analysis showed a positive re-
action between each antibody and its corresponding recombi-
nant protein. Furthermore, the antirecombinant Pwmyo 1 and 
antirecombinant Pwmyo2 antibodies did not show any cross-
reaction between the 2 Mb isoforms of P. westermani (Fig. 4). 
Western blot of recombinant proteins against sera of 
experimentally infected dogs 
The sera of experimentally infected dogs were tested against 
the recombinant Pwmyol and Pwmyo2 proteins to check 
whether these antigens of P. westermani might induce the spe-
cific antibody from the host. Immunoblotting revealed no re-
active band corresponding to the recombinant Mbs against the 
dog sera (data not shown). 
Immunolocalization of P. westerman; Mbs 
Immunohistochemistry of the cross-sections of P. wester-
mani revealed Pwmyol and Pwmyo2 to be eventually distrib-
uted throughout the parenchymal tissues, but absent in the re-
productive organs and tegument (Fig. SA). 
However, a different result was obtained with the embryos 
inside the eggs: the embryonic cells were negative for Pwmyol, 
but positive for Pwmyo2 (Fig. SB, C). 
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FIGURE 3. Predicted helical structures of Pwmyol (A) and Pwmyo2 (B). The bars above the amino acid sequences indicate the position of 
each helix. 
DISCUSSION 
The Mb gene is one of the genes frequently matched by the 
ESTs obtained from a cDNA library of adult P. westermani 
(Kim et aI., 2006). From the 7 ESTs identified as Mb genes, 
the 2 different cDNA sequences were found to be homologous 
with Mb as well as other members of the globin family of 
proteins. Therefore, the predicted protein products were termed 
Pwmyol and Pwmy02, and represent the 2 apparent isoforms 
of Mb in P. westermani. 
The calculated molecular mass of the 2 Mb isoforms and the 
actual sizes of the recombinant Pwmyol and Pwmy02 are con-
sistent with the native major Mb fraction of Mr 15-17 kDa 
shown in different trematode species (Rashid et aI., 1997). In 
addition, the presence of the globin domain and 8 helices in the 
secondary structure analysis of Pwmyol and Pwmy02 con-
firmed that these 2 genes are Mbs of P. westermani. It was 
reported that classic 8-helix globin fold observed in vertebrate 
A B 
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FIGURE 4. Western blot analysis of the polyclonal antibodies pre-
pared against the purified recombinant Pwmyol (A) and Pwmyo2 (B) 
proteins. Lanes: I, E. coli strain BL21 total cell lysate; 2, E. coli strain 
BL21 total cell lysate containing GST protein; 3, E. coli strain BL21 
total cell lysate containing Pwmyol-GST fusion proteins; 4, E. coli 
strain BL21 total cell lysate containing the Pwmyo2-GST fusion pro-
teins; 5, purified Pwmyol; 6, purified Pwmyo2. 
and invertebrate Hbs and Mbs, are conserved throughout the 
evolutionary phyla (Hardison, 1998; Pesce et aI., 2001). 
An analysis of the aligned amino acid sequences showed that 
the vertebrate and invertebrate Mbs formed separate, distinct 
phyletic groups within the overall Mb tree. This is consistent 
with the assignment of the globins in all 5 kingdoms of life 
(Frey and Kallio, 2003). An unrooted dendrogram showed a 
different pattern of divergence between vertebrate and inver-
tebrate groups; the vertebrate groups of Mbs are more closely 
related to each other than are the more divergent invertebrate 
globins. This suggests that the primary structures of the inver-
tebrate Hbs are distantly related to those of the vertebrate Mbs. 
As reported elsewhere, nonvertebrate globins show much high-
er variability in their primary and tertiary structures, which 
might reflect their adaptations to specific functions compared 
with their vertebrate homologs (Weber and Vinogradov, 2001). 
Among the non vertebrate group, the Mbs of the parasites may 
be further classified into trematode and nematode Mbs. The 
trematode Mbs are believed to be one of the most primitive 
animal globins (Rashid et aI., 1997) and are not involved in 
transporting oxygen within a circulatory system (Kiger et aI., 
1998). An analysis of the deduced amino acid sequences also 
showed that Pwmyol and Pwmy02 contained tyrosyl residues 
at both the B 10 and E7 positions, instead of the more common 
BlO-Leu and E7-His. Although BIO-Tyr is also found in nem-
atode Mbs, a tyrosyl residue at the distal E7 site is quite rare 
in wild-type globins. In other invertebrate globins, E7-His is 
often substituted by other residues such as GIn, Val, Leu, and 
Ile (Kapp et aI., 1995). B 10-Tyr is generally indicative of a 
high oxygen affinity in invertebrate Mbs. In Ascaris sp. globins, 
the iron-oxygen complex is stabilized by an additional hydro-
gen bond from BlO-Tyr (De Baere et aI., 1994; Yang et aI., 
1995; Huang et aI., 1996; Peterson et aI., 1997). This leads to 
an increased oxygen affinity as a result of the lower rate of 
oxygen dissociation (Kiger et aI., 1998). However, a mutant 
sperm whale Mb with B 10-Tyr has a low oxygen affinity (Gib-
son et aI., 1993). 
In contrast, a distal Tyr normally promotes the oxidation of 
iron atoms and contributes to the inability to bind oxygen. On 
the other hand, trematode Mbs have been reported to act as 
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FIG RE 5. Immunohistochemica l locali zation of the Mbs in cross-section of P. weslermani adu lts (A ) and eggs (8, C ). 
functional molecule with a high oxygen affi nity (Pesce et aI. , 
200 I ). M olecular modeling predicted 2 pos ible pos itions for 
the aromati c ring of E7-Tyr, with one outside of the heme pock-
et, which makes it free ly access ible to the ligand, and one with-
in the heme pocket, potentially maki ng it able to form a econd 
hydrogen bond within the iron-bound oxygen (Ra hid et al. , 
1997). With their amino acid sub titutions, trematode Mbs have 
an exceptionally high oxygen affinity, which is main ly becau e 
of the very low rate of oxygen dissociation, often requiring 
econds. Although their energy metaboli sm does not req uire 
oxygen, trematodes have other functions that require oxygen 
such as the bio ynthe is of hydroxyproline in co llagen and ty-
ro ine hydroxy lation. B ecau e trematode may occas ionall y be 
expo ed to air, an alternative role for oxygen ha been ug-
gested, i .e., the low off-rate f their MbI;· would then regulate 
the slow relea e of oxygen during peri ods of oxygen depriva-
ti on (Kiger et aI. , 1998). 
A lthough trematodes . urv ive under anaerobic conditions, the 
Mb might be among their most abundant protein . This has 
rai ed que tion regarding the phy io logica l role of trematode 
Mb . Studie on Ascaris pp. Mb suggest that it may not have 
a respiratory fun ti on (Blaxter, VanAeteren et aI. , \994). In-
stead, a number of alternative functions have been proposed. 
These include ser ving as an oxygen ink t protect the meta-
bolic activi ty, w hich i e sentiall y anaerobic; an osmotic func-
tion ; and a function in terol metabolism (Blaxter, 1993; Blax-
ter, Ingram, and Tweedie, 1994). Similar function might be 
sugge ted for trematode Mbs. 
Immunoblots of the recombinant proteins agai n t the sera of 
experimentally in fected d gs with P. westermal1i were negati ve. 
This is di fferent from the re ults obtained from an I gG-immu-
nob lot analys is of a purifi ed recombinant Clonorchis sinensis, 
which showed that the era from infected human reacted weak-
ly to recombinant proteins, whereas the sera from infected rab-
bit showed a high reactiv ity (S im et aI. , 2003). In a tudy on 
the i olation of the globin of Fasciola hepatica , it was di cov-
ered that the protein was extremely antigenic and could be de-
tected in the erum of the ho t a few days after infection 
(M cGonigle and Dalton, 1995). A mila!' high antigenicity of 
globins wa ob erved for the Hbs and Mb of nematodes, where 
the pigment is found in the excretory and ecretory products of 
TrichOSlron.gylus colubriformis (Frenkel et aI. , 1992) and Nip-
poslronglyus brasiliensis (Blaxter, Ingram, and Tweedie, 1994). 
The extracellul ar glob in of A. suum. and Chironomus Ihumll1i 
Ih.ummi have al 0 been reported to be potent allergens (Witten-
berg and Wittenberg, 198 1; B aur et aI. , 1986). The fai lure of 
the infected dog era to detect the recombinant Pwmyo I and 
Pwmy02 proteins might be becau e of the weak antigenic ity of 
Mbs in P. weslerman.i . The reason for the high antigenicity of 
the H bs and Mbs of other parasite , as well a their apparent 
occurrence in the excretory and secretory product , i unclear. 
lmmunohistochemical analy i showed that both Pwmyo l 
and Pwmy02 were loca li zed in the parenchymal tissue of 
worm ection , except for the tegument and reproductive or-
gans. The intraparenchymal localization might explain the weak 
antigenicity of each Mb in the immunoblot analysi . The neg-
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ative staining of the tegument suggests that Mbs are rarely ex-
posed to the host immune system. 
An interesting difference in the staining of the egg cell mass 
was that anti-Pwmy02 produced positive staining in the embry-
os of eggs located inside the parasite, as well as eggs in the 
lung tissue that stained negative for Pwmyol. This result sug-
gests the stage-specific expression of the 2 Mb isoforms. Globin 
isoforms have also been reported in the nematode N. brasilien-
sis and were found to have different localization, one in the 
cuticle, and the other in the body of the nematode. A study on 
the developmental stage-regulated expression of the globin iso-
forms revealed that the body globin was expressed in all stages, 
whereas the cuticle globin isoform was expressed only in adult 
nematodes in the gut (Blaxter, Ingram, and Tweedie, 1994). 
Therefore, the immunolocalization results suggest that the 2 Mb 
isoforms of P. westermani might be classified according to their 
stage-specific expression. Pwmyol might be an adult-specific 
Mb, whereas the Pwmy02 isoform may be expressed from the 
larval to adult stages of the parasite. The difference in locali-
zation might also suggest that these Mbs performed specific 
functions, such as delivering heme to the eggs. 
In conclusion, the 2 cDNAs examined in this study were 
found to encode different Mb isoforms of P. westermani. The 
significance of the abundant expression of Mbs in trematodes 
is unclear because the functions of these proteins are not com-
pletely understood. Further functional characterization of these 
hemoproteins will be needed to fully understand their roles in 
the metabolism of these parasites. In addition, more investiga-
tions on the stage-specific synthesis of these proteins will help 
in determining the functions of globins in the development of 
P. westermani. 
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EPIZOOTIOLOGY OF MYXOBOLUS CEREBRA LIS, THE CAUSATIVE AGENT OF 
SALMONID WHIRLING DISEASE IN THE ROCK CREEK DRAINAGE OF 
WEST-CENTRAL MONTANA 
Willard O. Granath, Jr., Michael A. Gilbert, Elizabeth J. Wyatt-Pescador, and E. Richard Vincent* 
Division of Biological Sciences, University of Montana, Missoula, Montana 59812. e-mail: bill.granath@mso.umt.edu 
ABSTRACT: Whirling disease, caused by the myxozoan parasite Myxobolus cerebralis, remains a health threat to salmonid fish 
in the western United States, Although various aspects of this host-parasite system have been studied, investigations examining 
the overall epizootiology of whirling disease in an ecosystem are lacking, Therefore, in June 1998, studies were initiated in the 
Rock Creek watershed of west-central Montana and continued through 2003 to assess the intensity of infection in trout using 
sentinel cages stationed throughout the drainage, Additional studies determined the percentage of the annelid worm, Tubifex 
tubifex, releasing M, cerebralis at various localities in Rock Creek and whether there was a seasonal or daily periodicity in the 
release of the triactinomyxon stage of the parasite from T, tubifex, Lastly, habitat and water quality parameters, and the effects 
of habitat restoration on transmission of M, cerebralis, were assessed, Overall, the intensity of M, cerebralis infections in sentinel 
trout increased significantly throughout the drainage between June of 1998 and 2003, with the biggest jump occurring between 
1998 and 1999, In addition, the range of M. cerebralis expanded considerably over the period of study. There was no strict 
correlation between habitat condition and the occurrence of the parasite; fish became heavily infected in optimal and marginal 
habitats. However, fish exposed at a locality that had the lowest habitat ranking consistently had the highest intensity of infection. 
The parasite has apparently caused a dramatic decline in rainbow trout densities, but the brown trout population numbers have 
increased, and the overall fish density remains high. Although a major habitat restoration project did not seem to have an effect 
on decreasing disease intensity, this was not surprising because the restored area was located just downstream from a "hotspot" 
of infected T. tubifex. 
The myxozoan parasite Myxobolus cerebralis has received 
much attention in recent years by fisheries biologists, parasi-
tologists, and the general public because of its potential harmful 
effects on salmonid fish populations. The parasite causes a con-
dition that is commonly referred to as whirling disease because 
infected fish may swim in circles when they are feeding or 
disturbed. Myxobolus cerebralis was apparently endemic in 
brown trout (Salmo trutta) from central Europe to southeastern 
Asia where it evidently caused no disease. The disease was first 
reported in 1893 after the introduction of rainbow trout (On-
corhynchus mykiss) from the United States to Europe and ap-
pears to have entered the United States in 1956 from processed 
fish from Denmark. It was discovered in Pennsylvania in 1956 
and in California in 1965 (Halliday, 1976; Hoffman, 1990). It 
was found in New York in 1988 and prompted the state to 
intentionally destroy 170,000 infected hatchery fish (Marlowe 
and Gardner, 1995). Presently, whirling disease has been re-
ported from 22 states and 26 different countries (Hoffman, 
1990; Bartholomew and Reno, 2002). 
Heavy infections of M. cerebralis in young fish often result 
in death. Rainbow trout are the most susceptible to disease, 
although the parasite is able to infect numerous species of sal-
monids, including sockeye salmon (Oncorhynchus nerka), gold-
en trout (Oncorhynchus aguabortfta), cutthroat trout (Onco-
rhynchus clarki), brook trout (Salvelinus fontinalis), bull trout 
(Salvelinus conjiuentus), steelhead (0. mykiss), chinook salmon 
(Oncorhynchus tshawytscha), Atlantic salmon (Salmo salar), 
and brown trout (O'Grodnick, 1979; Hoffman, 1990; Hedrick, 
McDowell, Gay et al., 1999; Hedrick, McDowell, Mukkatira et 
al., 1999; MacConnell and Vincent, 2002). 
The life cycle, biology, and disease caused by M. cerebralis 
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have been described in detail elsewhere (Granath and Gilbert, 
2002; Hedrick and EI-Matbouli, 2002; Gilbert and Granath, 
2003), but a brief account follows. Myxospores of the parasite 
are released when a fish dies. The spores are ingested by the 
annelid worm, Tubifex tubifex, which is the only suitable oli-
gochaete host. The parasite develops extracellularly between 
epithelial cells of the gut where it grows, reproduces, and even-
tually transforms into a triactinomyxon (TAM). The TAMs are 
then released in the feces of the worm. A fish becomes infected 
when it comes into contact with TAMs, which attach to the 
skin and release the infectious sporoplasms. The parasite will 
first reproduce in the skin, move to nerve tissue (and repro-
duce), then move to the spinal cord and brain, from where they 
migrate into surrounding cartilage, including the skull. After 
feeding and reproducing as trophozoites, the parasites undergo 
sporogenesis, producing highly resistant spores (Markiw and 
Wolf, 1983; EI-Matbouli and Hoffmann, 1989; EI-Matbouli et 
aI., 1995). These spores are resistant to drying and freezing, 
can survive at least 18 days at -20 C, and remain viable in 
stream mud for over 4 mo. They can also pass, without losing 
infectivity, through the alimentary tract of predators (Hoffman 
and Putz, 1969; EI-Matbouli and Hoffmann, 1991). Because of 
this, control of M. cerebralis is very difficult. 
The goal of the research described here was to attempt to 
begin elucidating the myriad parameters involved in the trans-
mission dynamics of whirling disease throughout an important 
trout habitat. This study was conducted in the Rock Creek 
drainage of west-central Montana and had the following spe-
cific objectives: (1) assess the intensity of infection in trout 
using sentinel cages stationed along the length of Rock Creek 
and its tributaries; (2) determine the percentage of T. tubifex 
releasing M. cerebralis at each sentinel cage and at other lo-
calities within Rock Creek; (3) determine whether there was a 
seasonal or daily periodicity in TAM release from T. tubifex; 
and (4) assess habitat and water quality parameters, and the 
effects of habitat restoration on transmission of M. cerebralis. 
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FIGURE 1. Map showing the relative location of the Rock Creek drainage in west central Montana. 
MATERIALS AND METHODS 
Study locality and background 
The Rock Creek drainage of west-central Montana is located approx-
imately 34 km southeast of the city of Missoula (Fig. 1) and encom-
passes over 1,425 square km. The main stem of Rock Creek is a blue 
ribbon trout stream of national renown. It officially begins with the 
confluence of 2 major tributaries (the East and West forks of R9Ck 
Creek) and flows in a northerly direction for 88 km before converging 
with the Clark Fork River. In 1997, preliminary studies conducted by 
the Montana Department of Fish, Wildlife and Parks (MFWP) indicated 
that M. cerebralis was present at 3 localities on the main stem of Rock 
Creek and 1 major tributary (the East Fork) in the upper portion of the 
drainage. In 1998, the Rock Creek drainage was chosen for a long-term 
study which attempted to identify the parameters affecting the trans-
mission of M. cerebralis within the entire river system. This drainage 
was selected because of its importance as# a recreational fishery and 
because it is very diverse. For example, some of its tributaries have 
been heavily degraded, primarily because of overgrazing and logging, 
whereas others are in pristine condition and flow directly from undis-
turbed wilderness areas. This situation allowed for comparisons of dis-
ease intensity and other epizootiological parameters from study locali-
ties situated in various habitat conditions. 
In this study, the intensity of M. cerebralis infection in trout was 
monitored at various localities throughout the drainage using sentinel 
cage techniques (described below). These localities were dispersed 
throughout the drainage, located both on the main stem of Rock Creek 
and on many of the major tributaries (locality names ending in "Fork" 
or "Creek" are tributaries with all other locality names being mains tern 
sites). Oligochaete samples were also taken at each of these localities 
to determine the percentage of T. tubifex that were infected with M. 
cerebralis. In addition, habitat assessments were made and each locality 
was assigned an overall habitat ranking (described below). Nine local-
ities were examined in June 1998 and 1999,20 localities in June 2000, 
21 localities in June 2001, 22 localities in June 2002, and 26 localities 
in June 2003. Figure 2 is a map indicating all of the localities and Table 
I lists the year in which each locality was examined. 
Sentinel cage studies 
Eagle Lake rainbow trout were used for all exposures except for 
during 2001 when the Fish Lake strain was used. This was necessary 
because the supplier for Eagle Lake trout could not provide this strain, 
which forced the use of another strain to obtain data for June 2001. In 
all cases, 50 young-of-the-year trout, 35~45 mm in length, were ex-
posed to stream water at each locality for 10 days in sentinel cages. 
These cages consisted of a steel frame surrounded by wire mesh with 
a locking wooden lid. Each cage also was equipped with an Optic 
StowAway® temperature logger (Onset Computer Corp., Bourne, Mas-
sachusetts). After the lO-day exposure, the fish were removed from the 
sentinel cages and transported to a MFWP laboratory in Pony, Montana, 
where they were maintained in 37.8-L glass aquaria at 12 C for an 
additional 90 days. The fish were then killed with tricane methanesul-
fonate; their heads were removed and placed in Davidson's solution 
(Humason, 1979) and sent to the Veterinary Animal Disease Diagnostic 
Laboratory at Washington State University (Pullman, Washington) for 
histological examination. The intensity of infection in the trout was 
evaluated using the MacConnell~Baldwin (M-B) scale, which assigns a 
grade of intensity to each infection based on the number of parasites, 
cartilage damage, and host inflammatory response (Baldwin et a!., 
2000). 
A mean grade of intensity of infection was calculated for each lot of 
fish and reported with 95% confidence intervals. The M-B scale origi-
nally went from 0 to 4, but was expanded to include grade 5 in 1999 
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2 Lower Middle Fork 
3 Upper East Fork (at bridge) 
4 Lower East Fork (Upper Forks Bridge) 
5 Ross Fork 
6 West Fork 
7 Forks Bridge 
8 Watson's Bridge 
9 Bohrnsen's Bridge 
10 Gillie's Bridge 
11 Upper Willow Creek 
12 Stony Creek 
13 Windlass Bridge 
14 Upper Puyear Ranch 
15 Middle Puyear Ranch 
16 Lower Puyear Ranch 
17 Hogback Creek 
18 Camp Siria (Hogback section) 
19 Fish & Game 
20 Valley of the Moon 
21 Above Hogback Creek 
22 Ranch Creek 
23 Middle East Fork (Beaver Dam) 
24 Clark's Property 
25 Middle Fork (Below Placer Creek) 
26 Middle Fork USFS Bridge 5121 
27 Butte Cabin Creek 
28 Welcome Creek 
29 Gilbert Creek 
30 Spring Creek 
FIGURE 2. Map showing relative locations within the Rock Creek drainage of sentinel cages for June 1998-2003. 
(Hedrick, McDowell, Mukkatira et aI., 1999). However, the data pre-
sented here for 1999 and all subsequent years used the original scale 
of 0 to 4 to allow comparisons with the 1998 data. Comparisons were 
conducted on the data sets for each locality using the Kruskal-Wallis 
test and significant differences (P < 0.05) were determined ba'Sed on 
minimum Q calculations by Dunn (Zar, 1998). In 1998, the sentinel 
trout were exposed from June 18 to June 28, in 1999 from June 17 to 
June 27, in 2000 and 2001 from June 19 to June 29, and in 2002 and 
2003 from June 18 to June 28. 
Prevalence of M. cerebralis in T. tubifex 
Aquatic oligochaetes were collected from each sentinel cage locality 
(and areas upstream from them) using a~l<ick net, placed in 2-L plastic 
containers and kept in a cooler for transport back to the laboratory. 
Next, oligochaetes were separated from the sediment and/or detritus 
collected during sampling and examined under a dissecting microscope. 
Likely T. tubifex specimens were separated from other oligochaete spe-
cies based on the presence of hair chaetae and other morphological 
characteristics (Kathman and Brinkhurst, 1998). The T. tubifex were 
then placed, 1 per chamber, into 24-well tissue culture dishes, with each 
chamber containing 1 ml of well water. Each worm was given a unique 
identification number and kept in an incubator at a temperature closely 
approximating the water temperature of the locality at the time of col-
lection. On alternating days, the water in each chamber was changed 
and all worms were fed 1 fLl of a suspension made from 5 spirulina 
disks (Hartz Mountain Corp., Secaucus, New Jersey) and 100 ml of 
well water. 
Water from the 24-well tissue culture dishes containing the separated 
T. tubifex was examined daily using a dissecting microscope to deter-
mine which worms were actively shedding TAMs. When TAMs were 
present, either DNA from the TAMs or DNA from the worm was ex-
tracted (described below) and subjected to a PCR diagnostic test (An-
dree et aI., 1998; described below) to confirm that the myxozoan was 
M. cerebralis. After a 2-wk screening period, a subset of the worms 
that was not shedding TAMs was killed and screened for infection using 
the PCR diagnostic test. This was done in an effort to detect prepatent 
infections. The prevalence of infection for each locality was then de-
termined according to Bush et al. (1997). Prevalences are reported as 
the percentage of infected T. tubifex with 95% confidence intervals. 
DNA extractions and peR analysis 
Worms were placed in a 1.5-ml microfuge tube and their DNA was 
extracted following the "mouse-tail" protocol of the QIAamp tissue kit 
(QIAGEN Inc., Valencia, California). The DNA samples were not sub-
jected to treatment with RNase A and were eluted using sterile 70 C 
water. DNA was extracted from the TAMs by passing the water, in 
which the TAMs were suspended, through a 5-fLm filter attached to a 
3-ml syringe. The filter was then placed in a 1.5-ml microfuge tube and 
processed using the same protocol. Concentrations of DNA were deter-
mined by spectrophotometry. 
Oligochaete DNA samples were tested for the presence of M. cere-
bralis rDNA using the nested primers Tr 3-16, Tr 5-16, Tr 3-17, and Tr 
5-17 developed by Andree et al. (1998). The DNA was amplified in 
100-fLl reactions containing 80 pmol of each primer, 400 fLM dNTPs, 
2 mM MgCl, 10 fLl of GeneAmp® lOX PCR Buffer II (Roche Molec-
ular Systems Inc., Branchburg, New Jersey) and 2.5 units of Amplitaq® 
TABLE I. A list indicating the years in which the various localities on 
Rock Creek were examined using sentinel cages. Refer to Figure 2 for 
the relative location of each locality. A "+" indicates that the locality 
was tested and a "-" indicates that it was not tested that year. 
Locality 
Upper Middle Fork 
2 Lower Middle Fork 
3 Upper East Fork 
4 Lower East Fork 
5 Ross Fork 
6 West Fork 
7 Forks Bridge 
8 Watson's Bridge 
9 Bohrnsen's Bridge 
to Gillies's Bridge 
11 Upper Willow Creek 
12 Stony Creek 
13 Windlass Bridge 
14 Upper Puyear Ranch 
15 Middle Puyear Ranch 
16 Lower Puyear Ranch 
17 Hogback Creek 
18 Camp Siria 
19 Fish and Game 
20 Valley of the Moon 
21 Above Hogback Creek 
22 Ranch Creek 
23 Middle East Fork 
24 Clark's Property 
25 Middle Fork 
26 Middle Fork Bridge 
27 Butte Cabin Creek 
28 Welcome Creek 
29 Gilbert Creek 
30 Spring Creek 
1998 1999 2000 2001 2002 2003 
+ + 
+ 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ + 
+ 
+ + 
+ + 
+ + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ + 
+ + 
+ + 
+ 
DNA polymerase (Roche Molecular Systems Inc.). The thermal cycler 
used was a GeneAmp® PCR System 2400 (Perkin Elmer, Norwalk, 
Connecticut). The first round of amplification was performed with prim-
ers Tr 3-16 and Tr 5-16. The thermal cycler was programmed for a 5-
min "hotstart" at 95 C, then 35 cycles of 1 min at 94 C, 2.5 min at 65 
C, and 1.5 min at 72 C. This was followed by a to-min postampiifi-
cation step at 72 C. The second round of amplification was performed 
with primers Tr 3-17 and Tr 5-17. The thermal cycler program for the 
second round consisted of 35 cycles of 1 min at 94 C, 2.5 min at 50 
C, and 1.5 min at 72 C. Again, there was a 5-min "hotstart" at 95 C 
and a to-min postamplification step at 72 C. Positive DNA samples 
gave rise to a 415-bp product after the second round of amplification. 
DNA extracted from myxospores of M. cerebralis served as a positive 
control, whereas DNA extracted from uninf~(ited oligochaetes served as 
a negative control. Products from the second round of amplification 
were loaded into 1.5% submarine agarose gels containing 0.5 fA.g1ml 
ethidium bromide and subjected to electrophoresis for 50 min at toO V. 
The DNA bands were visualized by transillumination with ultraviolet 
light (254 nm). As an additional control, the products from the first 
PCR analysis were sequenced to confirm that M. cerebralis 18S rDNA 
(GenBank U96492) was the amplification product. Sequencing was per-
formed by the Murdock Molecular Biology Facility at the University 
of Montana. 
Monitoring T. tubifex for periodicity in TAM release 
In April 2001, oligochaetes were collected from the East Fork of 
Rock Creek (locality 3; Fig. 2). This low-gradient stream contains large 
numbers of oligochaetes, comprising about 80% T. tubifex and 20% 
Limnodrilus hoffmeisteri, and is heavily contaminated with M. cere-
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FIGURE 3. Diagram of the chambers used for monitoring triactino-
myxon (TAM) release by naturally infected Tubifex tubifex in the East 
Fork of Rock Creek. The 20-fA.m Nitex® mesh that covered the windows 
allowed water to pass through, but did not permit TAMs to enter or 
exit the chamber. Water was pumped out of the chamber through the 
pipe on top using a small hand pump. When water was pumped out of 
the chamber, creek water, but not TAMs, entered through the Nitex®-
covered windows to replace the water removed. Several times the vol-
ume of water held in the chamber was pumped out during each sam-
pling to ensure that all waterborne TAMs were removed from the cham-
ber. 
bralis. Approximately 1,000 of these oligochaetes were placed into spe-
cially designed chambers containing approximately 2 L of natural sub-
strate, filled with TAM-free well water, and anchored to the bottom of 
the creek. The chambers were constructed using to-cm-diameter PVC 
pipe and had windows that were covered with 20-fA.m Nitex® mesh 
(Sefar America Inc., H. R. Williams Division, Kansas City, Missouri) 
(Fig. 3). This nylon screening allowed water exchange, but the openings 
were too small to allow the passage of TAMs. This apparatus allowed 
the worms to be exposed to natural changes in water temperature and 
photoperiod and would trap any TAMs released by the worms. A worm-
free sample of the substratum placed in the chamber was brought to the 
laboratory and examined for TAMs using a dissecting microscope. This 
was done to detect TAMs in the substratum that might be suspended as 
the chambers were filled with water, possibly giving an erroneous im-
pression of TAM release. These chambers did not have to be removed 
from the creek to take a water sample because water could be pumped 
out of the chamber through the 13-mm-diameter pipe on top using a 
small hand pump. When water was pumped out of the chamber, creek 
water, but not TAMs, could enter through the Nitex®-covered windows 
to replace the water removed. Several times the volume of water held 
in the chamber was pumped out of the top during each sampling to 
ensure that all waterborne TAMs were removed from the chamber- how-
ever, only the first I L was collected for screening. Each time' water 
from the chambers was collected, the temperature range experienced by 
the worms during that period was recorded from high/low monitoring 
thermometers (Fisher Scientific, Pittsburgh, Pennsylvania) attached to 
each chamber. The average photoperiod for that interval was calculated 
using sunrise/sunset records obtained from the U.S. Naval Observatory. 
After each collection, the water was immediately returned to the labo-
ratory and screened for TAMs using a dissecting microscope. Screening 
for TAMs was done by filtering the l-L sample through a 20-fA.m Nitex® 
filter and then back washing the filter with 25 ml of well water. Three 
small samples (2.5 ml) of rinse water from the filter were placed in 3 
separate chambers of 6-well tissue culture dishes and screened for 
TAMs using a dissecting microscope. When TAMs were present, they 
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were quantified by placing an 80-ILI aliquot of the water, in which the 
TAMs were suspended, into a Petri dish inscribed with 2-mm grids 
(Sigma Chemical Company, St. Louis, Missouri), covering the sample 
with a #1 coverslip, and counting all of the TAMs in the aliquot using 
a dissecting microscope with a dark-field background. Quantifications 
were based on the average number of TAMs in 3 separate 80-ILI ali-
quots. Samples of DNA were also extracted from the TAMs and sub-
jected to PCR analysis (as described previously) to confirm that they 
were M. cerebralis. The chambers were deployed from April until No-
vember 2001. Water from a control chamber containing only substratum 
was also collected and screened each time to ensure that no externally 
derived TAMs entered the chambers. 
Habitat assessments 
Habitat assessments were made at each sentinel cage locality using 
Environmental Protection Agency (EPA) aquatic habitat assessment 
forms for either low- or high-gradient streams according to the methods 
of Barbour et al. (1997). This EPA assessment ranked the habitat at a 
particular locality as optimal, suboptimal, marginal, or poor based on 
an overall score of 0 to 200, with 200 being the most favorable. In 
addition, after the first 3 yr of study, it was hypothesized that water 
flow might affect the intensity of disease in fish. Therefore, in June 
2001, depth measurements and current velocity readings were taken at 
each locality according to the methods of Gallagher and Stevenson 
(1999) to determine the stream flow (in m3/sec) in the region of each 
sentinel cage. The depth measurements and velocity readings were tak-
en using a FP-201 GLOBAL flow probe (Global Water Instrumentation 
Inc., Gold River, California). Further, readings of parameters affecting 
water quality, including temperature, dissolved oxygen (DO), conduc-
tivity, total dissolved solutes (TDS), and pH also were taken during the 
sampling periods. Dissolved oxygen readings were measured using a 
YSI Model 55 DO meter (YSI Inc., Yellow Springs, Ohio), conductivity 
and TDS readings were taken with a Mettler Toledo MC 126 portable 
conductivity meter (Mettler Toledo, Greifensee, Switzerland), and pH 
and water temperature were measured using an Accumet® AP63 por-
table pH meter (Fisher Scientific). 
The potential effect of habitat restoration on the epizootiology of 
whirling disease was examined using the Puyear Ranch restoration pro-
ject on Rock Creek as the study locality. This project cost nearly 
$700,000 and was one of the largest ever conducted by the U.S. Forest 
Service (USFS). In the 1950s, the ranch owner at the time (the land 
now belongs to the USFS) diverted the creek's natural flow, blocking 
its meander and channeling the creek into a shorter route (from 2.2 kIn 
to 1.3 km). The creek's bend went dry and stream quality declined 
dramatically, e.g., 236 mg of sediment were washed into the creek each 
year. In the summer and fall of 1997, this area of the creek was restored. 
The flow to the braided channels was cut off and the original single 
meander was restored. This new single channel was recontoured (with 
bulldozers and other heavy machinery) and artificially supplied with 
woody debris, riffles, and pools. Boulders were arranged and the stream 
banks were seeded with grass and small dogwood, cottonwood, willow, 
and birch trees. After restoration, major hydrological events often occur, 
but after a year or 2, such events are rare. Therefore, in 2000, studies 
were initiated to examine the effects of the restoration project on whirl-
ing disease. For this, sentinel cages were placed just upstream from the 
restored area, in the middle, and at the downstream end, but still within 
the restored area (Fig. 2; localities 14, 15i and 16). This restored area 
of the creek was essentially a new channel with no input from springs. 
Thus, these cages indicated the intensity of disease just outside (and 
upstream from) the restored area and whether fish were acquiring in-
fections within the restored area. Concomitantly, the prevalence of in-
fection in T. tubifex was measured at these localities. 
RESULTS 
Sentinel cage studies 
Results of the histological analyses of fish exposed in June 
1998 showed that M. cerebralis was present in only 2 of the 6 
tributaries tested, the Upper East Fork (locality 3) and Upper 
Willow Creek (locality 11), as well as all 3 localities (18, 19, 
and 20) on the main stem of Rock Creek itself (Table II). In 
1999, the average intensity of infection was significantly higher 
than that observed in fish exposed at many of the same local-
ities in June of 1998 (Table II; Fig. 4). This was the case at all 
of the localities in the drainage where M. cerebralis was pres-
ent, except the Upper East Fork, which already had a high in-
tensity of infection in 1998 (Table II), and above Hogback 
Creek (locality 21), which was not tested in 1998. Results of 
the histological analyses of fish exposed at these same localities 
in June 2000 showed that the average intensity of infection was 
again significantly higher than that seen in June 1998, but not 
significantly different from those observed in sentinel trout 
from these same localities in June 1999 (Table II; Fig. 4). In 
addition, the 2000 results revealed that M. cerebralis was pres-
ent in 2 tributaries that were negative in previous years, the 
West Fork and the Middle Fork of Rock Creek, which had 
tested negative in 1997 during preliminary studies conducted 
by MFWP. Histological analyses also revealed heavy infections 
at the other localities tested for the first time in June 2000 
(Table II). However, these were all located on the main stem of 
Rock Creek or tributaries known to be contaminated with M. 
cerebralis, e.g., Lower East Fork, and did not represent newly 
discovered areas of infection. In 2001, it appeared that the av-
erage intensity of infection dropped at many localities. How-
ever, as described previously, a different trout strain (Fish Lake) 
was used in 2001 because of the unavailability of the Eagle 
Lake strain for this year only. Fish Lake trout now appear to 
be less susceptible to both infection and disease when exposed 
under laboratory and natural conditions, making interpretation 
of data problematic (E. R. Vincent, pers. comm.). Therefore, 
these intensities of infections (reported in Table II) were sub-
jected to a correction factor (developed by E. R. Vincent), by 
using only the top 50% of the histology scores. The correction 
factor was derived by conducting controlled laboratory expo-
sures of both fish strains to known numbers of M. cerebralis 
TAMs, and then comparing disease intensities. Once corrected, 
the infection intensity was similar to the 2000 scores. Further, 
in 2002 and 2003, when Eagle Lake trout were once again used, 
there was no significant difference in intensity of infection 
when compared to the 2000 data (Table II). The 2003 data also 
showed that 2 important spawning tributaries (localities 27 and 
28) tested positive for M. cerebralis for the first time and that 
another tributary, Gilbert Creek (locality 29), experienced a sig-
nificant increase in average intensity of infection from 2002. 
Prevalence of M. cerebra/is in T. tubifex 
Oligochaete samples taken in June 1998 revealed that T. tu-
bifex were present at 5 of the 9 localities (Table III; Fig. 5). 
However, infected T. tubifex were only recovered from 2 of the 
localities: the Upper East Fork (locality 3) and Upper Willow 
Creek (locality 11). The prevalence of M. cerebralis infections 
at these 2 localities was 3.05% and 1.06%, respectively. All of 
the infected worms collected from these localities were actively 
shedding TAMs. Ten nonshedding worms from both localities 
were tested for infection using PCR, but no prepatent worms 
were detected. One worm from the Upper East Fork shed TAMs 
that were morphologically similar to M. cerebralis, but did not 
yield positive results when tested using the M. cerebralis PCR 
diagnostic test. In addition, 3 worms collected from the mouth 
of Hogback Creek (locality 17) shed actinospores. However, 
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TABLE II. Results of histological analyses of rainbow trout exposed at localities in Rock Creek during June 1998-2003. Mean grades of intensity 
::+: the 95% confidence intervals are based on the original MacConnell-Baldwin scale of 0-4. Comparisons were conducted on the data sets for 
each locality with multiple years of data. Means with different superscript letters are significantly different (P < 0.05) based on minimum Q 
calculations by Dunn. This analysis was only performed when the Kruskal-Wallis test yielded a significant H value. (nd = Sentinel cage studies 
not performed.) 
Locality 1998 1999 2000 2001 2002 2003 H 
Upper Middle Fork nd nd 0 nd 0 0 
2 Lower Middle Fork nd nd 0.20 ::+: 0.16 0.36 ::+: 0.19 0.32 ::+: 0.17 0 3.2* 
3 Upper East Fork 3.57 ::+: 0.32 3.88 ::+: 0.16 3.94 ::+: 0.11 3.16 ::+: 0.17 3.96 ::+: 0.20 3.98 ::+: 0.14 4.7* 
4 Lower East Fork nd nd 3.86 ::+: 0.18" 2.56 ::+: 0.35b 2.94 ::+: 0.19b 3.52 ::+: 0.24a 55.1 t 
5 Ross Fork 0 nd 2.56 ::+: 1.34 2.48 ::+: 1.64 nd 3.32 ::+: 0.16 4.9* 
6 West Fork 0 0 0.14 ::+: 0.17 0 0 0 3.0* 
7 Forks Bridge nd nd 3.60 ::+: 0.23a 1.52 ::+: 0.35b 3.06 ::+: 0.14a 3.35 ::+: 0.12a 78.1 t 
8 Watson's Bridge nd nd 2.91 ::+: 0.35 2.96 ::+: 0.18 nd nd 2.3* 
9 Bohrnsen's Bridge nd nd 3.20 ::+: 0.29 2.08 ::+: 0.23 2.74 ::+: 0.17 3.40 ::+: 0.27 5.7* 
lO Gillies's Bridge nd nd 3.96 ::+: 0.08 3.76 ::+: 0.13 3.48 ::+: 0.16 3.86 ::+: 0.25 2.9* 
II Upper Willow Creek 0.14 ::+: 0.16a 3.19 ::+: 0.39b 3.96 ::+: 0.06' 2.97 ::+: 0.17" 3.64 ::+: 0.13' 3.78 ::+: 0.27' 112.3t 
12 Stony Creek 0 0 0 0.08 ::+: 0.08 nd 0 2.4* 
13 Windlass Bridge nd nd 3.98 ::+: 0.04 3.52 ::+: 0.19 nd 3.88 ::+: 0.23 3.7* 
14 Upper Puyear Ranch nd nd 3.97 ::+: 0.04 3.36 ::+: 0.04 3.68 ::+: 0.11 3.46 ::+: 0.16 4.3* 
15 Middle Puyear Ranch nd nd 3.98 ::+: 0.04 2.96 ::+: 0.15 nd nd 5.9* 
16 Lower Puyear Ranch nd nd 3.82 ::+: 0.17 3.60 ::+: 0.06 nd nd 4.9* 
17 Hogback Creek 0 0 0 nd nd nd 
18 Camp Siria 1.71 ::+: 0.51" 3.35 ::+: 0.34" 3.80 ::+: 0.14b 3.18 ::+: 0.15b 2.72 ::+: 0.21b 3.46 ::+: 0.26" 56.2t 
19 Fish and Game 0.94 ::+: 0.32" 3.46 ::+: 0.34b 3.72 ::+: 0.20b 2.56 ::+: 0.19c 3.36 ::+: 0.19" 2.74 ::+: 0.26" 87.6t 
20 Valley of the Moon 1.15 ::+: 0.36a 3.50 ::+: 0.40b 3.82 ::+: 0.19b 3.08 ::+: 0.18c 3.64 ::+: 0.18" 2.94 ::+: 0.17' 93.1 t 
21 Above Hogback Cr nd 3.88 ::+: 0.23 
22 Ranch Creek nd nd 
23 Middle East Fork nd nd 
24 Clark's Property nd nd 
25 Middle Fork nd nd 
26 Middle Fork Bridge nd nd 
27 Butte Cabin Creek nd nd 
28 Welcome Creek nd nd 
29 Gilbert Creek nd nd 
30 Spring Creek nd nd 
* Not significant at P > 0.05. 
t Significant at P < 0.05. 
these were morphologically distinct from M. cerebralis and, 
based on descriptions by Janiszewska (1955), were most lik~ly 
a species of Raabeia. These actinospores were tested for cross-
reactivity using the M. cerebralis PCR test and the results were 
negative. 
In 1999, T. tubifex were found at 4 of the 9 localities sam-
pled, but infected T. tubifex were again only recovered from 2 
localities (Table III; Fig. 5). At the Upper East Fork, 2.5% of 
the worms were infected with the para~i}:e and at Valley of the 
Moon, 0.72% of the worms were M. cerebralis-positive. One 
positive worm from the Valley of the Moon was not actively 
shedding TAMs, but was detected during PCR screening for 
prepatent infections. It was the only non shedding T. tubifex to 
test positive by PCR out of the 20 screened from each site. As 
was seen in 1998, some of the worms collected in June 1999 
released TAMs that, although morphologically very similar, 
were not M. cerebralis as determined by PCR. 
In June 2000, T. tubifex were present at 11 of the 20 localities 
sampled. Worms at 5 of these localities were infected with M. 
cerebralis, with prevalences ranging from 0.83 to 3.7% (Table 
III). The results of the 2001 oligochaete samples were only 
slightly different: 12 of the 20 localities harbored T. tubifex, but 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd nd nd 
0 0 0 
3.68 ::+: 0.11 nd nd 
2.88 ::+: 0.22 nd 2.74 ::+: 0.13 2.6* 
nd 0.13 ::+: 0.17 nd 
nd 0.02 ::+: 0.14 nd 
nd 0 0.14 ::+: 0.17 2.9* 
nd 0 0.06 ::+: 0.12 2.3* 
nd 0.86 ::+: 0.14a 2.52 ::+: 0.22b 96.3t 
nd nd 0 
only 4 localities had infected worms (Table III). The prevalence 
of M. cerebralis infection in T. tubifex at these localities ranged 
from 2.08 to 4.05%. Similar results were seen for 2002 and 
2003, even with the addition of more collection localities. No-
table differences were that Windlass Bridge (locality 13), which 
was positive for infected worms in 2000, but negative in 2001, 
was once again positive in 2003, and Valley of the Moon (lo-
cality 20), which was positive for M. cerebralis-infected T. 
tubifex in 1999, but negative from 2000-2002, was positive in 
2003. During 2002--:-2003, prevalences ranged from 1.25 to 
3.60%. No prepatent worms were detected by PCR during the 
2000-2003 sampling periods. 
The increase in intensity of M. cerebralis infections in sen-
tinel fish that occurred from 1998-2003 was not accompanied 
by a significant increase in the prevalence of M. cerebralis-
infected T. tubifex. However, the lack of statistically significant 
differences may be because of the relatively small number of 
T. tubifex that were screened for infection during the exposure 
periods. To overcome this problem, larger oligochaete samples 
were taken from the East Fork of Rock Creek at both the be-
ginning and end of this study. The prevalence of infection in 
T. tubifex at the Upper East Fork (locality 3) in May 1998 was 
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FIGURE 4. Graphical depiction of data from Table II for represen-
tative localities tested with sentinel cages for multiple years. The graph 
shows the overall increase in disease intensity that occurred throughout 
Rock Creek from 1998 to 2003. The greatest increase occurred from 
1998 to 1999 with disease intensity then remaining high throughout the 
study. 
1.50 ± 0.97% and the prevalence in May 2003 was 3.34 ± 
1.29%. Despite the fact that these samples were much larger 
(>600 worms) and the observed prevalence more than doubled, 
these differences were still not statistically significant. 
Monitoring T. tubifex for periodicity in TAM release 
The chambers designed to monitor TAM release by naturally 
infected T. tubifex were deployed at the Upper East Fork (lo-
cality 3; Fig. 2) on 26 April 2001 and water samples were 
collected from 28 April to 10 November 2001 (Table IV): Over 
this period, TAMs resembling M. cerebralis, as well as the ac-
tinosporean stages of other Myxozoa (but clearly not M. cere-
bralis, e.g., Raabeia spp.), were observed. However, no acti-
nospores were observed in water from the control chamber. 
Results of the PCR test that was conducted on DNA extracted 
from the TAMs indicated that at least some of those observed 
were M. cerebralis (Table IV), but ft,le exact number could not 
be determined. This was because other species of Myxozoa that 
use T. tubifex as a host are present in the East Fork of Rock 
Creek and at least I of these species has a TAM stage that is 
morphologically similar to that of M. cerebralis. These TAMs 
did not test positive using the M. cerebralis-specific PCR prim-
ers and they could not be easily differentiated from M. cere-
bralis morphologically. Therefore, it was only possible to ob-
tain qualitative results as to the presence or absence of M. cer-
ebralis. No actinospores resembling M. cerebralis were ob-
served in the first water sample taken from the experimental 
chamber on 28 April, although a number of other actinospores, 
most likely Raabeia spp., were present. However, the Raabeia 
spp. actinospores were not observed in the water sample col-
lected from the control chamber on this date. Possible M. cer-
ebralis TAMs were not observed until the second sample taken 
on 4 May 2001 (Table IV), when the result of the PCR test was 
positive, indicating that M. cerebralis TAMs were among those 
observed. Low numbers of TAMs, including M. cerebralis 
(based on the results of PCR), were again present in the sample 
taken on 9 May, but no actinospores were observed in water 
collected from the control chamber. Interestingly, no actino-
spores resembling M. cerebralis were seen in the subsequent 
sample taken on 10 May, but M. cerebralis TAMs were again 
present on 11 May 2001 (Table IV). The first time large num-
bers of TAMs resembling M. cerebralis were observed was on 
17 May during an attempt to determine if there was a diurnal 
periodicity in TAM release. During this period (17-19 May 
2001) water samples were taken from the chambers and 
screened on site at 0700, 1400, and 2100 hr. Possible M. cer-
ebralis TAMs were recovered at least once on each of these 3 
days. However, no diurnal periodicity was observed. On 17 
May, large numbers of TAMs were shed between 1400 and 
2100 hr, but no TAMs were shed between 2100 hr on 17 May 
and 0700 hr on 18 May (Table V). However, on 18 May, no 
TAMs were shed between 0700 and 1400 hr, but many were 
shed between 1400 and 2100 hr, and again between 2100 hr on 
18 May and 0700 hr on 19 May. Large numbers of TAMs were 
shed again on 19 May, between 0700 and 1400 hr (Table V). 
No actinospores were observed in water samples taken from 
the control chamber during these intervals. Myxobolus cere-
bralis TAMs were present when weekly sampling resumed on 
31 May 2001, but were not detected again until almost a month 
later on 27 June. Two TAMs resembling M. cerebralis were 
present in the 14 June sample. However, DNA extracted from 
these TAMs tested negative when screened using PCR (Table 
IV). Myxobolus cerebralis TAMs were also recovered on 6 July 
and 14 July, but were then conspicuously absent from the next 
8 samples. One TAM resembling M. cerebra lis was observed 
in the sample taken on 17 September, but DNA from this sam-
ple tested negative when screened by PCR (Table IV). Myxo-
bolus cerebralis TAMs were not recovered again until 3 Oc-
tober 2001 and were present for the next 3 wk. However, M. 
cerebralis TAMs were not detected in the final sample taken 
on 10 November 2001. 
Habitat assessments 
Habitat assessments were conducted at each locality the first 
time it was sampled. Seventeen of the 29 sentinel cage localities 
received an overall score of 155 or greater, ranking the habitat 
in the vicinity of the localities as optimal (Table VI). Eleven 
localities received habitat scores of 105 to 154, which ranked 
the habitat as suboptimal, and 1 site, the Upper East Fork (lo-
cality 3), was located in habitat ranked as marginal. None of 
the localities sampled during this study was located in habitat 
ranked as poor (Table VI). Overall, there was no apparent cor-
relation between habitat and the occurrence of M. cerebralis 
because during the course of this study, infected T. tubifex were 
discovered, and fish became heavily infected, at localities lo-
cated in both optimal and marginal habitats. Although the oli-
gochaete sampling was not truly quantitative, in general, T. tu-
bifex were consistently present in greater numbers and much 
more widely dispersed at the Upper East Fork and Upper Wil-
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TABLE III. Prevalence of Myxobolus cerebralis infection in Tubifex tubifex recovered from the Rock Creek drainage during June 1998-2003. The 
prevalences are reported as the percentage (%) of infected T. tubifex with 95% confidence intervals calculated as p ::<:: ZaI2Yp'q/n, where Z./2 = 
1.96 and q = I - p. The number of worms screened is designated by No. Because of the small sample sizes obtained, the differences in the 
percentages of infected T. tubifex were not statistically significant (P > 0.05; nd = sampling not done). 
1998 1999 2000 2001 2002 2003 
Locality No. % No. % No. % No. % No. % No. % 
I Upper Middle Fork nd 
2 Lower Middle Fork nd 
nd 
nd 
o 0 nd o 0 o 0 
o 0 o 0 o 0 o 0 
3 Upper East Fork 197 3.1::<:: 2.4 240 2.5::<:: 1.9 
nd 
174 2.3::<:: 2.2 240 3.8::<:: 2.4 223 2.7::<:: 2.1 260 3.1::<:: 1.8 
4 Lower East Fork nd 59 0 o 0 
o 
o 0 51 0 
5 Ross Fork 1 0 nd 15 0 o 0 o 0 
6 West Fork 0 0 o 0 15 0 192 0 o 0 o 0 
7 Forks Bridge nd nd o 0 7 0 o 0 
nd 
5 0 
8 Watson's Bridge nd nd o 0 o 0 nd 
9 Bohrnsen's Bridge nd nd o 0 o 0 o 0 o 0 
10 Gillies's Bridge nd nd 140 2.1::<:: 2.4 173 4.1::<:: 2.9 111 3.6::<:: 3.5 240 2.5::<:: 1.8 
11 Upper Willow 
Creek 189 1.1::<:: 1.5 
o 
128 
o 
nd 
o 
o 
241 0.8::<:: 1.2 240 2.1::<:: 1.8 240 2.9::<:: 2.1 200 1.3::<:: 0.7 
12 Stony Creek o 0 16 0 nd 18 0 
13 Windlass Bridge 
14 Upper Puyear 
nd 27 3.7::<:: 7.1 4 0 nd 54 2.5::<:: 1.0 
Ranch nd nd 246 2.9::<:: 2.1 37 2.7::<:: 5.2 79 1.6::<:: 1.2 240 1.5::<:: 1.0 
15 Middle Puyear 
Ranch nd nd o 0 2 0 nd nd 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Lower Puyear 
Ranch nd 
Hogback Creek 0 
Camp Siria 0 
Fish and Game 0 
Valley of the Moon 15 
Above Hogback Cr nd 
Ranch Creek nd 
Middle East Fork nd 
Clark's property nd 
Middle Fork nd 
26 Middle Fork 
Bridge nd 
27 Butte Cabin Creek nd 
28 Welcome Creek nd 
29 Gilbert Creek nd 
30 Spring Creek nd 
o 
o 
o 
o 
nd 
14 
o 
o 
278 
o 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
o 
o 
o 
0.7 ::<:: 1.0 
o 
o 
5 
o 
19 
177 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
nd 
low Creek sites. These tributaries of Rock Creek are both rel-
atively low-gradient streams that have been heavily degraded 
by cattle grazing and received the lowest overall habitat scores 
of all the localities (Table VI). When T. tubifex was found at 
localities with more favorable habitats,.they were generally less 
abundant and restricted to microhabitats, e.g., small piles of 
sediment found behind snags, under boulders, or behind bridge 
abutments. 
Because of prolonged drought in Montana, water levels in 
the Rock Creek drainage decreased from above to below av-
erage levels from 1998 to 2003 (Fig. 6). Therefore, in June 
2001, stream flow measurements were taken in the vicinity of 
each sentinel cage to determine the possible effects of stream 
flow on the intensity of infection in sentinel fish. At many of 
the localities, it was only possible to wade across a small por-
tion of the river, and taking the depth measurements and current 
reading from a boat was not possible. Therefore, stream flow 
measurements were only taken in a 3-m section immediately 
o 
o 
o 
o 
o 
o 
nd 
o 
o 
3 
nd 
o 
o 
nd 
nd 
nd 
nd 
nd 
nd 
o 
o 
o 
o 
o 
o 
o 
nd 
nd 
o 
o 
o 
nd 
27 
nd 
nd 
o 
o 
o 
o 
o 
nd 
o 
o 
o 
o 
o 
o 
o 
o 
o 
nd 
nd 
13 
252 
nd 
24 
o 
o 
nd 
nd 
o 
o 
o 
nd 
o 
o 
2.4 ::<:: 2.1 
o 
o 
o 
o 
o 
o 
upstream of the cage. In general, water flow decreased slightly 
at most of the localities tested from 2001 to 2003 (data not 
shown), although the overall drainage experienced a slight in-
crease during this time (Fig. 6). 
The average daily water temperature for each exposure pe-
riod was calculated using data collected from the Optic 
StowAway® temperature loggers located in each sentinel cage. 
Because of the fact that the first and last days of the exposure 
period did not represent an entire day of exposure in stream 
water, data from these days were not included when calculating 
the average daily temperature. During the June 1998 exposure 
period, the average daily temperature at localities in the Rock 
Creek drainage ranged from a low of 6.8 C at Stony Creek to 
a high of 10.2 C at Valley of the Moon (Table VII); however, 
malfunctioning temperature loggers prevented the collection of 
data at 3 of the localities. In June 1999, the average daily water 
temperature at many of the localities was significantly higher 
than that seen in June 1998, with temperatures in the drainage 
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FIGURE 5. Graphical depiction of data from Table III for represen-
tative localities sampled for multiple years indicating the prevalence of 
infection of Tubifex tubifex with Myxobolus cerebralis. Because of the 
small sample sizes, the differences in the percentages of infected T. 
tubifex were not statistically different over the course of study. 
ranging from a low of 6.8 C in Hogback Creek to a high of 
13.9 C in Upper Willow Creek (Table VII). In June 2000, the 
average daily water temperatures were again significantly high-
er at most of the localities, with a low of 8.0 C in Hogback 
Creek to a high of 15.4 C in Upper Willow Creek (Table VII). 
The average daily temperature at the localities sampled in June 
2001 were fairly similar to those seen in 2000, with only 3 
localities, i.e" the Upper East Fork (locality 3), Ross Fork (lo-
cality 5), and Stony Creek (locality 12), experiencing significant 
increases in temperature (Table VII). Water temperatures in 
2002 and 2003 were similar but, in most cases, they were sig-
nificantly lower than in 2001 and were more like the. water 
temperatures in 1998. Figure 7 graphically depicts the water 
temperatures at representative sentinel cage localities taken 
each June during 1998-2003. Other water quality parameters, 
including pH, DO, TDS, and conductivity were measured (data 
not shown). These data were consistent from year to year and 
most localities were similar and were generally within the pa-
rameters associated with a healthy ~~ream (e.g., Allan, 1995). 
One notable exception was a high level of TDS at the Upper 
East Fork site, which is consistent with its severely degraded 
habitat. However, other than this exception, there was no ap-
parent correlation between these particular water quality param-
eters and disease intensity. 
DISCUSSION 
Disease intensity, spread, and impact of M. cerebralis on 
wild salmonid populations 
Results of sentinel cage studies showed that the intensity of 
M. cerebralis infections in sentinel trout increased significantly 
at localities throughout the Rock Creek drainage between June 
1998 and June 2003 with the most dramatic increase occurring 
between 1998 and 1999 (Table II; Fig. 4). In addition, in June 
2000, M, cerebralis was detected for the first time in the Middle 
Fork and the West Fork of Rock Creek, 2 tributaries that tested 
negative in previous years, The Middle Fork of Rock Creek 
tested negative in 1997 in preliminary tests conducted by 
MWFP and the West Fork tested negative in 1998-1999 (and 
was once again negative in 2001-2003) (Table II). However, 2 
other tributaries (Butte Cabin and Welcome Creeks) tested pos-
itive for the first time in 2003 and Gilbert Creek tested positive 
in 2002-2003 (Table II). Therefore, it appears that the range of 
M. cerebralis (and disease intensity) within the Rock Creek 
drainage is still expanding. 
The reasons for the increase in intensity of M. cerebralis 
infections in sentinel fish throughout the drainage are not en-
tirely clear. The increase in intensity that occurred at many lo-
calities was not accompanied by a significant increase in the 
prevalence of M. cerebralis-infected T. tubifex at those locali-
ties, or an increase in the prevalence of M. cerebralis-infected 
T. tubifex throughout the drainage in general. The lack of sta-
tistically significant differences among the observed prevalence 
of infection in T, tubifex may be because of the relatively small 
numbers of T. tubifex that were screened for infection (dis-
cussed below), Another explanation may be that the increased 
intensity of M. cerebralis infections in sentinel fish was simply 
the natural progression of disease that may occur in a watershed 
with suitable hosts after the introduction of this parasite. As 
mentioned earlier, M. cerebralis was first detected in Rock 
Creek during preliminary studies conducted by MWFP in 1997; 
however, the exact date the parasite was introduced into the 
drainage is unknown, so any type of timeline concerning the 
spread of M. cerebralis after it was introduced into Rock Creek 
is conjecture. 
It is possible that the increase in water temperatures that oc-
curred at localities during the course of this study may have 
played a role in the increased intensity of disease in sentinel 
fish. A separate sentinel cage study (in a different drainage) 
conducted over the course of a single year demonstrated a pos-
itive correlation between the average intensity of infection in 
rainbow trout and water temperature (Baldwin et aI., 2000), In 
that study, the lowest intensity of infection (0.39) was observed 
early in April when the average water temperature was 6.2 C 
and the highest intensity of infections (3.28 and 2.97) were 
observed from May to 14 June when the average water tem-
peratures ranged from 10.3 to 11.1 C (Baldwin et aI., 2000). 
As mentioned earlier, the significant increase in the average 
intensity of infection that occurred in the present study was 
accompanied by a significant increase in the average daily water 
temperature (Table VII; Fig. 7). However, water temperature 
alone cannot account for the increased intensity of disease in 
fish. For example, there was a significant increase in tempera-
ture at some of localities between 1999 and 2000 that was not 
accompanied by a significant increase in the average intensity 
of infection in sentinel fish (e.g., Fish and Game and Valley of 
the Moon) (Tables II, VII). In 2002 and 2003 the intensities of 
infection for trout from Gilbert Creek were significantly differ-
ent (0.86 and 2.52, respectively), whereas the water tempera-
tures for these dates were not different (8.47 and 8.51 C, re-
spectively). Further, in 2002 and 2003 there was a significant 
increase in disease intensity at the Lower East Fork locality 
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TABLE IV. Results of triactinomyxon (TAM) release by naturally infected Tubifex tubifex in the East Fork of Rock Creek for April through 
November, 2001. (nd = PCR analysis not done; NA = not available because of a malfunctioning thermometer.) 
Date Sample volume No. of TAMs observed* PCR results Temperature range (C)t Average photoperiod:!: 
28 April 2001 1 L 0 nd 6-17 14:14 
4 May 2001 1 L 2 + 0-16 14:25 
9 May 2001 1 L 2 + 1-19 14:41 
10 May 2001 1 L 0 nd 6-17 14:49 
11 May 2001 1 L 3 + 4-19 14:52 
17 May 2001 1 L 3,125 + 2-20 15:02 
18 May 2001 1 L 729 + 7-18 15:10 
19 May 2001 1 L 625 + 5-19 15:12 
31 May 2001 1 L 9 + 2-24 15:24 
7 June 2001 1 L 0 nd 2-19 15:41 
14 June 2001 1 L 2 3-16 15:48 
22 June 2001 1 L 0 nd 6-18 15:51 
27 June 2001 1 L 312 + 6-16 15:51 
6 July 2001 1 L 3 + 6-17 15:46 
14 July 2001 1 L 312 + 8-17 15:37 
21 July 2001 1 L 0 nd 8-16 15:24 
28 July 2001 1 L 0 nd NA 15:10 
1 August 2001 1 L 0 nd 6-18 14:57 
17 August 2001 1 L 0 nd 7-19 14:39 
26 August 2001 1 L 0 nd 3-20 14:17 
10 September 2001 1 L 0 nd 5-17 13:52 
17 September 2001 1 L 1 5-19 13:13 
24 September 2001 1 L 0 nd 5-13 12:37 
3 October 2001 1 L 4 + 3-12 12:14 
10 October 2001 1 L 12 + 3-14 11:48 
18 October 2001 1 L 208 + 4-19 11:22 
28 October 2001 1 L 4 + NA 10:58 
10 November 2001 1 L 0 nd NA 10:29 
* Number of TAMs resembling M. cerebralis. However, this number does not necessarily represent the actual number of M. cerebralis TAMs present. (TAMs resembling 
M. cerebralis, but which are not recognized by the PCR diagnostic assay for M. cerebralis, occur in Rock Creek; see text for details.) 
t Represents the lowest and highest temperatures experienced by the worms during the interval between sample dates or between the date of deployment and date of 
the first sample. 
:j: Represents the average photoperiod in hours and minutes of daylight during the interval between sample dates or between the date of deployment and date of the 
first sample. Calculated from sunrise/sunset records obtained from the U.S. Naval Observatory. 
(2.94 and 3.52, respectively), but there was a drop in the av-
erage water temperature (9.54 and 8.70 C, respectively). 
Considering the multitude of variables experienced by fish 
exposed under natural conditions, it is likely that numerous fac-
tors, in addition to water temperature, influence the intensity of 
M. cerebralis infections. Because the entire life cycle of M. 
cerebralis takes place in an aquatic environment, it seemed log-
ical that water levels could play a significant role in the trans-
mission of the parasite and affect the intensity of disease in 
fish. As described earlier, the water levels in the Rock Creek 
TABLE V. Results of triactinomyxon (TAM) release by naturally infected Tubifex tubifex in the East Fork of Rock Creek for 17-19 May 2001. 
(nd = PCR analysis not done.) 
Date Time of sample ~ I Sample volume No. of TAMs observed* PCR results Temperature range (C)t 
17 May 2001 0700 hr 1 L 2 + 2-20 
1400 hr 1 L 0 nd 7-16 
2100 hr 1 L 3,125 + 16-18 
18 May 2001 0700 hr 1 L 0 nd 8-18 
1400 hr 1 L 0 nd 8-19 
2100 hr 1 L 729 + 14-19 
19 May 2001 0700 hr 1 L 312 + 5-14 
1400 hr 1 L 625 + 5-17 
2100 hr 1 L 7 + 17-20 
* Number of TAMs resembling M. cerebralis. However, this number does not necessarily represent the actual number of M. cerebralis TAMs present. (TAMs resembling 
M. cerebralis, but which are not recognized by the PCR diagnostic assay for M. cerebralis, occur in Rock Creek; see text for details.) 
t Represents the lowest and highest temperatures experienced by the worms during the interval between sample dates or between the date of deployment and date of 
the first sample. 
• 
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TABLE VI. Habitat rankings and qualitative indication of the presence of Myxobolus cerebralis in Tubifex tubifex and sentinel rainbow trout 
(Oncorhynchus mykiss) for localities in Rock Creek. Habitat assessments were made using the U.S. Environmental Protection Agency forms for 
either low- or high-gradient streams according to Barbour et al. (1997). The assessment ranks the habitat as optimal, suboptimal, marginal, or 
poor based on an overall score of 0-200 with 200 being the most favorable. 
Presence of M. cerebralis* 
Locality Total score Habitat rank T. tubifex O. mykiss 
1 Upper Middle Fork 178 optimal no (0/3) no (0/3) 
2 Lower Middle Fork 163 optimal no (0/4) yes (2/4) 
3 Upper East Fork 102 marginal yes (616) yes (616) 
4 Lower East Fork 151 suboptimal no (0/4) yes (4/4) 
5 Ross Fork 185 optimal no (015) yes (314) 
6 West Fork 178 optimal no (016) yes (1/6) 
7 Forks Bridge 149 suboptimal no (0/4) yes (4/4) 
8 Watson's Bridge 161 optimal no (0/2) yes (212) 
9 Bohrnsen's Bridge 147 suboptimal no (0/4) yes (4/4) 
10 Gillies's Bridge 150 suboptimal yes (4/4) yes (4/4) 
11 Upper Willow Creek 128 suboptimal yes (516) yes (616) 
12 Stony Creek 186 optimal no (015) yes (115) 
13 Windlass Bridge 150 suboptimal yes (2/3) yes (3/3) 
14 Upper Puyear Ranch 174 optimal yes (3/4) yes (4/4) 
15 Middle Puyear Ranch 171 optimal no (0/2) yes (212) 
16 Lower Puyear Ranch 173 optimal no (012) yes (2/2) 
17 Hogback Creek 182 optimal no (0/3) no (0/3) 
18 Camp Siria 184 optimal no (016) yes (616) 
19 Fish and Game 154 suboptimal no (016) yes (616) 
20 Valley of the Moon 148 suboptimal yes (2/6) yes (616) 
21 Above Hogback Creek 182 optimal no (0/1) yes (1/1) 
22 Ranch Creek 171 optimal no (0/3) no (0/3) 
23 Middle East Fork 120 suboptimal no (0/2) yes (0/1) 
24 Clark's property 181 optimal no (0/2) yes (2/2) 
25 Middle Fork 161 optimal no (011) yes (1/1) 
26 Middle Fork Bridge 139 suboptimal no (0/1) yes (1/1) 
27 Butte Cabin Creek 155 optimal no (0/2) yes (1/2) 
28 Welcome Creek 134 suboptimal no (0/2) yes (1/2) 
29 Gilbert Creek 163 optimal no (0/2) yes (212) 
30 Spring Creek nd nd nd nd 
* Numbers in paraentheses = number of years the parasite was present/number of years locality was sampled. 
drainage decreased successively from 1998 to 2000, then in-
creased from 2001 to 2003 (but still remained well belqw av-
erage) because of a prolonged drought throughout the state (Fig. 
6). Therefore, in an effort to determine the possible effects of 
stream flow on the intensity of disease in fish, stream flow mea-
surements were taken in the vicinity of each sentinel cage dur-
ing the June exposure periods from 2001 through 2003. Al-
though many of the sentinel cage localities exhibited a slight 
decrease in stream flow (although the overall drainage experi-
enced a slight increase; Fig. 6), there was no apparent corre-
lation to an increase in disease intensity. This is because of the 
fact that at most of these localities disease intensity had already 
reached near maximum and, therefore, the sentinel cage assay 
system was not able to detect any further increases. In addition, 
the biggest jump in disease intensity occurred from 1998 to 
1999 before individual stream flow measurements were con-
ducted. However, the stream flow for the overall drainage (Fig. 
6) indicates that stream flow was above normal in 1998 and 
1999 and that decreases in stream flow to below normal levels 
did not occur until 2000 (and persisted through at least 2003). 
As the intensity of M. cerebralis infections in sentinel trout 
increased throughout Rock Creek, it concomitantly appeared to 
be impacting the wild salmonid populations in the drainage. 
Numerous species of salmonids are susceptible to infection with 
M. cerebralis (e.g., O'Grodnick, 1979; Hoffman, 1990) and 6 
of these species are present in Rock Creek (W. Granath, pers. 
obs.). Fish population surveys conducted by MFWP indicate 
that catchable rainbow trout (>6 inches long) densities started 
declining sometime between 1993 and 1996 and reached an all 
time low in 2004 (Berg, 2004). Although it is unknown when 
M. cerebralis was introduced into Rock Creek, preliminary 
studies by MFWP indicated it was present, in low levels, in 
1997. Testing for the parasite prior to 1997 was not conducted, 
but it seems reasonable, given how the parasite has spread and 
increased in intensity since 1997, that it was introduced in the 
early to mid 1990s. Therefore, the decline in catchable rainbow 
trout (>6 inches) corresponds to the spread of M. cerebralis 
throughout the drainage. This decline was followed, a few years 
later, by a decline in large rainbow trout (> 13 inches) densities 
(Berg, 2004). Thus, if the parasite was killing small rainbow 
trout, then recruitment into the larger size classes over time 
would not occur, and the data of Berg (2004) support this hy-
pothesis. Interestingly, as the large rainbow trout densities de-
clined, there was an increase in brown trout (>13 inches) den-
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FIGURE 6. Graph showing the average daily stream flows for Rock 
Creek (USGS site 12334510) during the June exposure periods for 
1998~2003. This USGS monitoring station is located on the main stem 
of Rock Creek near the confluence of Rock Creek with the Clark Fork 
River. Data were obtained from the USGS National Water Information 
System and analyzed using a single-factor ANOVA (F"" = 2.019, P < 
0.05). Subsequent analysis using Tukey's honestly significant difference 
procedure was used to reveal that the mean daily flow for each exposure 
period was significantly different from each other (P < 0.05), as indi-
cated by the unique letters above each error bar. The dashed horizontal 
line represents the average historical stream flow for Rock Creek during 
the exposure periods in June based on the last 30 yr of record. 
sities. Brown trout are known to be more resistant to disease 
and they appear to be replacing the rainbow trout. In addition, 
even though there has been a severe decline in the rainbow 
trout population, the overall density of trout remains at a rela-
tively high level (Berg, 2004). So, even though Rock Creek 
appears to be turning into a brown trout fishery, it does appear 
that it will remain an excellent fishery. 
Prevalence of M. cerebralis in T. tubifex 
The prevalence of M. cerebralis infections in naturally in-
fected T. tubifex from Rock Creek during this study varied COll-
siderably, from a low of 0.72% at Valley of the Moon in 1999 
to a high of 4.05% at Gillies Bridge in 200 I (Table III). How-
ever, these differences were not statistically significant based on 
the number of worms screened. In fact, sample sizes well into 
the hundreds are required to generate 95% confidence intervals 
that are within I % of the estimated prevalence (Sokal and 
Rohlf, 1969). The small sample sizes ..screened in this study 
were often because of the fact that at most localities very few 
T. tub(fex were recovered despite extensive sampling efforts. 
However, at other localities, where it is likely that large num-
bers of T. tubifex could have been recovered with more sam-
pling, e.g., Upper East Fork or Upper Willow Creek, the sample 
size screened was usually limited to 240 worms (10 24-well 
tissue culture dishes). This was because of limited incubator 
space; during the exposure periods many localities were being 
sampled, and an extensive amount of effort that was required 
to keep worms alive in the culture dishes for an extended period 
of time. In May 1998 and May 2003, oligochaete samples larger 
than those taken during the June exposure periods were col-
lected from the Upper East Fork (locality 3). Even though these 
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samples were much larger and the observed prevalence more 
than doubled between 1998 and 2003, these differences were 
still not statistically significant based on the number of T. tu-
bifex screened. 
The prevalence of M. cerebralis infections in T. tub(fex pop-
ulations observed in the present study (Table III) was consis-
tently higher than that reported for naturally infected worms 
from the eastern United States (0.6%; Wolf et aI., 1986), but 
very similar to those observed in a study conducted in Colorado 
(Zendt and Bergersen, 2001). This is interesting because wild 
trout populations have not been impacted by the parasite in the 
eastern United States, but M. cerebralis has had a great impact 
on trout populations in the Rocky Mountain region (e.g., Nehr-
ing and Walker, 1996). Although it is too early to tell if the 
lack of impact on trout populations in the eastern United States 
is because of lower infection rates of eastern T. tubifex, this 
certainly warrants investigation because differences in TAM 
production by geographical isolates of T. tubifex have already 
been demonstrated (e.g., Stevens et aI., 2001; Beauchamp et aI., 
2002), and it is possible that these differences in TAM produc-
tion may be because of differences in susceptibility to infection 
with M. cerebralis. 
It is interesting that sentinel fish became infected at many 
localities in the drainage where infected T. tubifex were not 
recovered (Tables II, III). It is possible that infected T. tubifex 
were present at some of these localities and were simply not 
detected by the sampling methods used. However, it is also 
possible that the fish at some of these localities were being 
infected by TAMs originating several hundred or perhaps even 
thousands of meters upstream. Because the infective TAM stage 
of the parasite is neutrally buoyant and nonmotile they travel 
passively downstream with the current. Therefore, when oli-
gochaete samples were taken at each locality, only the region 
above the sentinel cage was sampled. An extensive survey was 
made of the area immediately upstream of each sentinel cage 
(at least 200 m) and samples were taken from the areas consid-
ered to be the best oligochaete habitat, i.e., areas containing 
fine sediments with a high organic content. As mentioned, the 
possibility exists that infected T. tubifex were present at some 
localities, but were not detected. For example, when T. tubifex 
were found in optimal or high-scoring suboptimal habitats (as 
found at most of the localities) they were not widely dispersed, 
but were restricted to microhabitats, i.e., small areas with a high 
degree of sedimentation, for example, small sediment deposits 
behind a bridge abutment, under a log jam, or behind a boulder 
or fallen tree. At some localities, these microhabitats were so 
numerous in the region above the cage that searching them all 
was impossible. In addition, there were other localities where 
pools or runs above the cages were too deep to be effectively 
sampled. The numbers and/or presence of infected T. tubifex in 
these areas could not be determined. However, at other locali-
ties, especially on tributaries in the upper portion of the drain-
age, e.g., the Lower East Fork and Lower Middle Fork, it is 
more likely that fish were infected by TAMs originating several 
hundred or perhaps even thousands of meters upstream. The 
small size of these tributaries and their easy access by road 
allowed for intensive oligochaete sampling to be conducted 
above each cage in this region. Thus, if T. tubifex were present 
above these cage localities, it is likely they would have been 
detected. Therefore, it is probable that the source of TAMs in-
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TABLE VII. Average daily water temperatures (C) at sentinel cage localities in Rock Creek during exposure periods for June 1998-2003. Means 
are reported with 95% confidence intervals. Means with different superscripts were significantly different (P < 0.05) based on Tukey's honesty 
significant differences procedure. This analysis was only performed when ANOV A yielded a significant F-value. 
Locality 1998 1999 2000 2001 2002 2003 F 
Upper Middle Fork nd nd 9.6 ± 0.4- nd 7.5 ± 0.9b 7.1 ± 0.7b 14.96* 
2 Lower Middle Fork nd nd 11.4 ± 0.5- 11.6 ± 0.6- 9.2 ± 1.1b 8.3 ± 0.7b 18.47* 
3 Upper East Fork 9.2 ± 0.5- 10.4 ± 0.5b 10.3 ± 0.3b 11.1 ± 0.3e 10.2 ± 0.6b 9.6 ± 0.5- 17.79* 
4 Lower East Fork nd nd 11.6 ± 0.5- 12.0 ± 0.6- 9.5 ± LOb 8.7 ± 0.7' 18.44* 
5 Ross Fork 8.3 ± 0.4- nd 13.4 ± 0.7b 14.5 ± 0.8' nd NA 78.08* 
6 West Fork 8.7 ± 0.5- 10.2 ± O.4b 12.7 ± 0.5' 12.9 ± 0.7' 10.9 ± 1.3b NA 17.75* 
7 Forks Bridge nd nd 12.7 ± 0.6- 13.1 ± 0.7- 10.8 ± 1.2b 9.5 ± 0.9' 13.87* 
8 Watson's Bridge nd nd 12.6 ± 0.6 13.1 ± 0.6 nd nd 1.08t 
9 Bohrnsen's Bridge nd nd 12.6 ± 0.5- 13.1 ± 0.6- 107 ± 1.2b 9.4 ± 0.8' 16.27* 
10 Gillies's Bridge nd nd NA 13.1 ± 0.5- 11.0 ± 1.2b 10.3 ± 0.8b 12.97* 
11 Upper Willow Creek NA 13.9 ± 0.9- 15.4 ± 0.6b 16.0 ± 0.7b 14.3 ± 1.5- 13.9 ± 1.3- 15.11* 
12 Stony Creek 6.8 ± 0.3- 7.0 ± 0.2- 8.7 ± 0.3b 9.5 ± 0.5' nd 7.1 ± 0.7- 37.73* 
13 Windlass Bridge nd nd 13.3 ± 0.5- 13.9 ± 0.5- nd 10.7 ± 0.8b 26.69* 
14 Upper Puyear Ranch nd nd 13.7 ± 0.6- 14.2 ± 0.5- 11.9 ± 1.2b 11.0 ± 0.9b 22.39* 
15 Middle Puyear Ranch nd nd 13.8 ± 0.6 14.1 ± 0.5 nd nd 0.55 t 
16 Lower Puyear Ranch nd nd 13.9 ± 0.5 13.9 ± 0.5 nd nd 0.02t 
17 Hogback Creek 7.2 ± 0.2- 8.0 ± O.lb 7.2 ± 0.1" nd nd nd 12.33* 
18 Camp Siria 9.6 ± 0.4- 10.7 ± 0.3b 13.8 ± O.5e 13.8 ± 0.5' 9.1 ± 1.5- 11.0 ± 0.8b 82.94* 
19 Fish and Game NA 10.2 ± 0.3- 13.2 ± 0.5b 13.0 ± 0.5b 11.3 ± 1.1' 10.5 ± 0.7- 54.21* 
20 Valley of the Moon 10.2 ± 0.4- 11.5 ± 0.3b 14.9 ± 0.5' NA 12.9 ± 1.3d 11.9 ± LOb 66.10* 
21 Above Hogback Creek nd 10.6 ± 0.5 
22 Ranch Creek nd nd 
23 Middle East Fork nd nd 
24 Clark's property nd nd 
25 Middle Fork nd nd 
26 Middle Fork Bridge nd nd 
27 Butte Cabin Creek nd nd 
28 Welcome Creek nd nd 
29 Gilbert Creek nd nd 
30 Spring Creek nd nd 
t Not significant at P > 0.05. 
:j: Signficant at P < 0.05. 
fecting fish at each of these localities was located at least 200 
m above the cage and could quite possibly have been located 
even farther upstream. The Upper East Fork, the only location 
in the upper portion of the drainage known to harbor iI1fected 
T. tubifex, lies approximately 4.6 km upstream of the Lower 
East Fork locality, and was certainly a possible source of M. 
cerebralis TAMs infecting the Lower East Fork sentinel fish 
given the relatively large numbers of infected T. tubifex found 
at the Upper East Fork. 
Monitoring T. tubifex for periodidiiy in TAM release 
Early in this study, it was hypothesized that there was a bi-
annual periodicity or at least a biannual increase in the release 
of M. cerebralis TAMs by T. tubifex. It was believed that this 
periodicity was controlled by temperature, photoperiod, or some 
combination of the 2. A biannual increase in the release of M. 
cerebralis TAMs by T. tubifex could not be demonstrated dur-
ing this study because of the fact that other species of myxo-
zoans that use T. tubifex as a host were present in Rock Creek 
and at least 1 of these species was morphologically similar to 
M. cerebralis. These TAMs did not test positive using the M. 
cerebralis-specific PCR test, but could not be differentiated 
from M. cerebralis morphologically. Therefore, it was not pos-
nd nd nd nd 
nd 9.3 ± 0.4 8.7 ± 0.7 9.0 ± 0.5 5.65 t 
nd nd 9.2 ± 0.4 nd 
nd NA nd 10.2 ± 0.7 
nd nd 7.9 ± 0.9 nd 
nd nd 7.3 ± 0.7 nd 
nd nd 6.4 ± 0.5 6.4 ± 0.5 O.ott 
nd nd 8.7 ± 0.2- 7.7 ± O.5b 12.23* 
nd nd 8.5 ± 0.7 8.5 ± 0.6 O.ott 
nd nd nd nd 
sible to quantify the exact number of M. cerebralis TAMs and 
it was only possible to obtain qualitative results as to the pres-
ence or absence of the parasite. However, the qualitative results 
did provide limited support for a seasonal periodicity of TAM 
release. For example, in 2001, M. cerebralis TAMs were pres-
ent in most of the water samples collected from the experimen-
tal chamber from 4 May to 14 July, but were then absent until 
3 October (Table IV). Myxobolus cerebralis TAMs were present 
again in samples taken the following 3 wk of October, but were 
absent in the final sample on 10 November. However, it is pos-
sible that TAMs were released in the period between 14 July 
and 3 October, but were not detected because of degradation. 
The TAM stage is fragile and relatively short-lived and TAMs 
resembling M. cerebralis that were present often appeared de-
graded. In contrast, between 17 May and 19 May, large num-
bers of TAMs resembling M. cerebralis were recovered and 
very few if any appeared degraded. However, the samples 
screened during this period were collected every several hours 
and not once a week as was done during the rest of the study. 
Therefore, it is possible there were many TAMs in the water 
samples collected on a weekly basis that died and decomposed 
before they could be quantified. It has already been shown that 
TAMs are viable for longer periods at lower temperatures 
FI RE 7. Graphica l depiction of water temperatures at representa-
ti ve sentinel cage localities in Rock Creek taken during the June ex-
posure periods for 1998- 2003. See Table V II for a complete analys is 
of water temperatures for all localitie tested. 
(M arkiw, I 992a). Therefore, when temperatures were higher, 
i.e., in Ju ly, August, and September, when TAMs were not de-
tected, it seems more likely that TAM would die and decom-
pose more quickJy, and thus the number of TAM s ob erved 
would drop. I t is po ible that D A f rom decompo ed TAMs 
could have been detected in some of the sample, but the PCR 
analysis was not done unless TAM resembling M. cerebralis 
were ob erved. 
No obvious correlation between TAM release and either tem-
perature or photoperi od was ob. erved during this study. Thi 
may be because of the ex perimental des ign in w hich the tem-
perature ex tremes experienced by the worms were based on 
week- long and not dail y intervals. For example, in all o f the 
samples containing enough TAMs to be quanti fied, the worm 
experienced temperatures of at least 15 C. However, it is not 
known how many days during the interval that the temperature 
reached thi s level or how many time the worms released TAM 
during thi s inter val. I t i po ible that the worms only relea ed 
TAMs on days when water temperature reached a certain 
threshold. Therefore, it is likely that water ample, temperature 
ranges, and photoperiods must be monikJred on a daily bas is i f 
a correlati on is to be e tabli hed between TAM relea e and any 
of these vari ables. However, thi s remains an important area of 
re eaJ"ch becau e information concerning a seasonal periodicity 
in TAM release would be va luable to agenc ies responsible for 
tocking almonid fish. If young fi sh were tocked between pe-
ri od. of TAM release, it would delay (po sibly for months) the 
exposure of the fi sh to the parasite, and it ha been shown that 
when older fish are exposed they uffer fewer signs of disease 
(M ark iw, 1992b). 
Habitat assessments 
A s d iscus ed earlier, there wa no stri ct correlation between 
habi tat condition and the occurrence of M. cerebralis; during 
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thi tudy in fected T. lubifex were di covered, and fish became 
heav il y in fected at loca lities w ith both optimal and marg inal 
habitats. However, it is intere ting that fish expo ed at the Up-
per Ea t Fork locali ty, w hich had the lowest habi tat ranking of 
any of the localities te ted during this study, consistently had 
the highest intensity of in fecti on. In fact, the average intensity 
of in fection in fish expo ed at thi s locality during the prelimi -
nary tudies conducted by MFWP in 1997 was already at 4 .0, 
the maximum on the M -B sca le, and the average intensity of 
infection has not di ffered significantly in any expo ures con-
ducted at this locali ty ince 1997 (Table II) . In addition, T. 
tubifex were con. istentl y present in greater numbers and much 
more widely di persed in the Upper Ea t Fork than in any of 
the other tributaries te ted, w ith the po ible exception of Upper 
Willow Creek, w hich received the second lowe t habitat rank-
ing. The fact that the average inten ity of infecti on in fi sh ex-
posed at the Upper East Fork locali ty has been at or near the 
max imum ince the monitoring of thi drainage began, coupled 
w ith the fact that the intensitie of infection at the other local-
ities were ori ginall y low but then increased, ugge ts that hab-
itat degradation doe have ome effect on the tran mi ion of 
M. cerebraLis. It i possible that the heavily degraded East Fork, 
w ith its large T. lubifex populati ons, ser ved as a "foothold" for 
the par asite to establi sh itself in the drainage. I f thi s is the place 
the paras ite was originall y establi shed, then it is likely that the 
parasite would have been present at thi loca lity longer than 
any of the other loca lities . This would help explain why the 
average intensity of infection in fi h exposed in the East Fork 
wa 0 much higher than tho e seen at other localitie during 
the fi rst year of thi s study. However, it is also poss ible that the 
paras ite was introduced and becam e establ ished at several lo-
calities in the drainage at the same time, but the habitat of the 
East Fork, i.e., a high degree of edimentation and organic pol-
lution that has resulted in large T. lubifex populations, allowed 
the par asite to di eminate more rapidl y at thi locality than at 
any of the others. Thu , the average intensi ty of infection in the 
Ea t Fork reached higher levels before the intensity of in fec ti on 
increa ed at the other localities . 
Readings of parameters affecting water qual ity were also tak -
en at the sentinel cage localities during the cour e o f thi tudy 
(data not hown). There wa no obviou correlation between 
water qual ity near the sentinel cage and oligochaete abundance 
or between water quality and the intensity o f disease in entinel 
fish. One exception is that the U pper East Fork locality had a 
very high level of TDS compared to all other loca lities. This 
corre ponds to its heavily degraded habi ta t statu and likely 
accounts for the exceptionall y large T. lubifex populati on and 
high intensity of infec ti on in sentinel fish. However, di ease 
inten ity has reached similar levels at many other localities (Ta-
ble 11) where water quality was very good. I n fact, bes ides thi 
exception o f high TDS in the Upper Ea t Fork, the water quality 
measurements ob erved during the cour e of thi s tudy were 
w ithin the standard for a healthy stream. 
A de cribed earli er, a maj or habitat restoration proj ect was 
conducted in the summer and fa ll of 1997 in the v icinity of the 
Puyear Ranch. To determine i f thi s restoration affected the in-
tensity of w hirling disease, 2 entinel cages were placed within 
the restored area (Midd le and L ower Puyear Ranch; loca lities 
15 and 16) and an additional cage was placed ju t upstream of 
the restoration boundar y (Upper Puyear Ranch; locali ty 14) (Fig. 
• 
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2). Oligochaete samples were also taken from these localities 
for analysis. Overall, there were no major differences in the 
intensity of M. cerebralis infections in sentinel fish when com-
paring those localities in the restored area (localities 15 and 16) 
to the locality immediately upstream of the restored area (lo-
cality 14) (Table II). Although no infected T. tubifex were re-
covered from localities within the restored region during the 
period when sentinel fish were exposed (19-29 June 2000), 
subsequent sampling revealed that infected worms were present 
within the restored area. These data are somewhat difficult to 
interpret in that the time frame in which habitat restoration may 
impact the population dynamics of T. tubifex is not known. In 
addition, there are no prerestoration data for this segment of 
Rock Creek. However, this stretch is located in the middle of 
Rock Creek (Fig. 2), and there are "hotspots" of infected T. 
tubifex upstream from it (Table III). Although infected T. tubifex 
were subsequently found in the restored area, these worms were 
always collected later in the summer (data not shown). When 
worms were collected at the time of sentinel fish exposures, no 
infected T. tubifex were observed (Table III). In retrospect, the 
fact that sentinel fish became infected within the restored area 
is not surprising because of its location downstream of a "hot-
spot." What would be interesting is to determine the effect of 
habitat restoration of "hotspots" near the headwaters of Rock 
Creek, e.g., the Upper East Fork. It is likely that these areas 
are adversely affecting large sections of Rock Creek by releas-
ing large numbers of waterborne TAMs. If these sources could 
be removed, then there would likely be a positive effect on 
reducing disease intensity for kilometers down stream. 
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A NEW OLiGACANTHORHYNCHID ACANTHOCEPHALAN DESCRIBED FROM THE GREAT 
HORNED OWL, BUBO VIRGINIANUS (STRIGIDAE), AND RED-TAILED HAWK, 
BUTEO JAMAICENSIS (ACCIPITRIDAE), FROM CENTRAL ARIZONA, U.S.A. 
David P. Bolette 
University of Pittsburgh, Laboratory Animal Resources, S1040 Biomedical Science Tower, 200 Lothrop Street, Pittsburgh, Pennsylvania 15261. 
e-mail: boletted@dlar.pitt.edu 
ABSTRACT: Oligacanthorhynchus nickoli n. sp. (Acanthocephala: Oligacanthorhynchidae) is described from the great-horned owl, 
Bubo virginianus (Gmelin, 1788) (type host), and red-tailed hawk, Buteo jamaicensis (Gmelin, 1788), collected in central Arizona. 
The new species is most similar to Oligacanthorhynchus iheringi and Oligacanthorhynchus minor, but it differs from all congeners 
primarily by trunk length, proboscis size and armature, egg size, geographical range, and host species. It is distinguished from 
the 9 Oligacanthorhynchus species occurring in avian hosts from both the Western and Eastern Hemispheres. Descriptions of 
juvenile forms of O. nickoli from the intestine of B. jamaicensis are provided from recently ingested cystacanths with everted 
proboscides, 
Amin (1985) recognized 35 species of Oligacanthorhynchus 
as valid. Those species listed included Oligacanthorhynchus 
species found in avian hosts from the Western Hemisphere: Oli-
gacanthorhynchus iheringi Travassos, 1917; Oligacanthorhyn-
chus manifestus (Leidy, 1851) Van Cleave, 1924; Oligacan-
thorhynchus minor Machado, 1964; Oligacanthorhynchus oti 
Machado, 1964; Oligacanthorhynchus spira (Diesing, 1851) 
Travassos, 1915; Oligacanthorhynchus taenioides (Diesing, 
1851) Travassos, 1915; and from the Eastern Hemisphere: Oli-
gacanthorhynchus compressus (Rudolphi, 1802) Meyer, 1932; 
Oligacanthorhynchus lagenaeformis (Westrumb, 1821) Travas-
sos, 1917; Oligacanthorhynchus ricinoides (Rudolphi, 1808) 
Meyer, 1931; and congeners occurring in mammalian definitive 
hosts previously included in the genera Hamanniella Travassos, 
1915 and Echinopardalis Travassos, 1918, Schmidt's (1972) re-
vision of the class Archiacanthocephala, followed Southwell 
and Macfie (1925) in considering Hamanniella Travassos, 1915 
to be synonymous with Oligacanthorhynchus Travassos, 1915, 
based on morphologic similarities between them and stating 
that differences in host species and trunk spiraling (character-
istics of specimen length and fixation) were not significant for 
separating genera, Additionally, Schmidt (1972) considered 
Echinopardalis Travassos, 1918 to be synonymous with Oli-
gacanthorhynchus Travassos, 1915, stating that the preseqce of 
a dorsoterminal papilla on the female posterior extremity was 
not significant enough to warrant generic status; the only char-
acteristic used at that time to distinguish between the 2 genera, 
Subsequent to the generation of Amin's (1985) list, Echinopar-
dalis Travassos, 1918 was restituted to generic status by Nickol 
and Dunagan (1989), who discussed the taxonomic status of the 
following species regarding the appropriateness of placement in 
the restituted genus previously listed in Oligacanthorhynchus 
in Amin's (1985) list: Echinopardalis atrata Meyer, 1931; 
Echinopardalis bangalorensis Pujatti, 1951 (incertae sedis); 
Echinopardalis decrescens Meyer, 1931; Echinopardalis lamasi 
Freitas and Costa, 1964 (previously transferred to Oligacan-
thorhynchus by Amato et aL [1979]); Echinopardalis lerouxi 
Bisseru, 1956; Echinopardalis mariemily Tadros, 1969; and 
Echinopardalis pardalis (Westrumb, 1821), Additionally, Nick-
ol and Dunagan (1989) proposed a "new combination" for 
Echinopardalis macrurae Meyer, 1931, which was previously 
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considered to be synonymous with Oncicola macrurae Meyer, 
1931 and considered Echinopardalis pachyacanthus (Sonsino, 
1889) (generally considered not to be assignable to any partic-
ular genus), con specific with E. atrata, With the exclusion of 
listed species within the restituted genus Echinopardalis, 28 
species are considered valid within Oligacanthorhynchus, In the 
present study, a new species of Oligacanthorhynchus was col-
lected from great horned owls, Bubo virginianus (Gmelin, 
1788) (Strigiformes: Strigidae), and red-tailed hawks, Buteo ja-
maicensis (Gmelin, 1788) (Falconiformes: Accipitridae), from 
Arizona, This new species is herein described and represents 
the 29th species within the genera as valid, Oligacanthorhyn-
chus nickoli is the seventh species within the genera known to 
infect birds from the Western Hemisphere, and the only member 
described from B. virginianus or B. jamaicensis as adults from 
an avian host within the United States, 
MATERIALS AND METHODS 
In total, 30 great horned owls and 21 red-tailed hawks were received 
from Adobe Mountain Wildlife Center (Arizona, Fish and Game De-
partment), Phoenix, Arizona, and Arizona Fish and Game Department, 
Flagstaff, Arizona, Birds were found dead or injured between November 
2001 and September 2003, subsequently died, or were humanely killed 
if clinically indicated. They were frozen at 0 C until being donated and 
made available for study on October 2003 and December 2002, respec-
tively. Birds remained frozen until examination, were thawed, and the 
bird's peritoneal cavity and gastrointestinal tract were examined for hel-
minth parasites from October 2003 through June 2004, Host specimens 
are deposited in the Cornell University Museum of Vertebrates, Bird 
Collection, Ithaca, New York. 
Twenty-one adult, 12 immature, and 3 juveniles (cystacanths with 
everted proboscides) were collected from the lumen of the host's small 
intestine. Specimens were placed in refrigerated tap water to promote 
trunk and proboscis extension or proboscis eversion, preserved in AFA 
(85 parts 85% ethanol; 10 parts 37% formaldehyde; 5 parts glacial ace-
tic acid), and then transferred and stored in 70% ethanol until prepared 
for microscopic study. Adult specimens were dehydrated in gradient 
ascending series of etbanol, cleared in graded series of xylene-100% 
ethanol, and studied either as temporary whole wet mounts, perma-
nently mounted in Canada balsam, or dissected. The holotype female, 
allotype male, and 1 paratype male were dehydrated and cleared as 
described previously and permanently slide mounted as a complete 
specimen in Canada balsam. Proboscis and female reproductive tracts 
of dissected paratype specimens were removed and permanently slide 
mounted in Canada balsam. Eggs were studied as wet mounts from eggs 
removed from fixed gravid female paratype specimens in 70% ethanol 
or were recovered from host feces via centrifugal sedimentation tech-
nique. Immature specimens were stained either in acetocarmine or left 
unstained; juvenile forms (cystacanths with everted proboscides) were 
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FIGURE 1. Oligacanthorhynchus nickoli n. sp. (A) Proboscis of holotype female. Bar = 0.15 mm. (B-G) Complete lateral view of distal first 
circle to proximal sixth circle hooks. Bar = 0.05 mm. (H) Oblique. view of fifth circle hook. Bar = 0.05 mm. (I) Dorsal view of sixth circle 
hook. Bar = 0.05 mm. 
unstained; each dehydrated, cleared, and permanently mounted in the 
aforementioned manner. Protonephridia were studied from either xylene 
cleared intact specimens or from 5-l1m histologic serial sections. Distal 
extremities of 2 female paratype specimens were dehydrated, embedded 
in paraffin, serial sectioned, stained with he.rvatoxylin and eosin, and 
coverslipped with acryloid resin mounting media. 
The following abbreviations are used: USNPC, United States Nation-
al Parasite Collection, United States Department of Agriculture, Belts-
ville, Maryland; CU, Cornell University Museum of Vertebrates, Ithaca 
New York; and CHIOC, Instituto Oswaldo Cruz, Departamento de Hel-
mintologia, Laboratorio de Helmintos Parasitos de Vertebrados, Rio de 
Janeiro, Brazil. The type series was compared with the following spec-
imens: Oligacanthorhynchus iheringi (CHIOC 29369, 29370), Oliga-
canthorhynchus oti (CHIOC 29386, 29388-29390), Oligacanthorhyn-
chus spira (CHIOC 29338, 29341), Oligacanthorhynchus taenioides 
(CHIOC 29350-29352), Gigantorhynchus compressus Uuveniles) 
(USNPC 015117.00), Oligacanthorhynchus sp. (USNPC 041756.00), 
and with original descriptions or redescriptions of all congeners. Type 
specimens are deposited in the USNPC. 
Measurements were made with a Periplan GF I-mm/100 division 
scale reticle calibrated to a stage micrometer. All measurements are in 
millimeters unless otherwise stated, followed by mean values in paren-
theses. Line drawings were made with the aid of a drawing tube at-
tachment or microprojection. Hook measurements were made in com-
plete flat lateral profile. Trunk length excludes proboscis and neck 
length. 
DESCRIPTION 
Oligacanthorhynchus nickoli n. sp. 
(Figs. 1-5) 
Diagnosis (based on 21 adult specimens, 13 females, 8 males): 
Adults whitish; trunk cylindrical, slender elongate, slightly narrower 
anteriorly with minimal variation throughout length. Mature females 
larger than males. Proboscis sub globular with 6 circles of 6 hooks each 
(Fig. lA). Armature similar in both sexes. Hooks 0.106-0.141 (0.123), 
0.101-0.131 (0.113),0.091-0.101 (0.095),0.081-0.096 (0.090), 0.073-
0.089 (0.077), and 0.056-0.071 (0.065) long in circles from anterior 
(distal) to posterior (proximal) sequential order. Tips of hooks in anter-
iormost 4 circles possess chisel-shaped barbs and strong anteriorly di-
rected roots (Fig. IB-E). Hooks of anteriormost 2 circles possess both 
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FIGURE 2. Oligacanthorhynchus nickoli n. sp. Praesomal region of 
allotype male. Bar = 0.5 mm. 
anteriorly and posteriorly directed roots; anteriorly directed roots more 
elongate than the roots possessed in third and fourth circles (Fig. 1 B-
E). Tips of hooks in fifth and sixth circles acuminate, possessing fiat 
roots extending laterally (Fig. IF-I). Proboscis receptacle typical for the 
Archiacanthocephala, attached in neck at base of proboscis. Lateral sen-
sory pit located 0.043-0.072 (0.061) posteriad to root of sixth circle 
hooks. Cerebral ganglion situated along middle to posterior third of 
proboscis receptacle. Lemnisci ribbonlike, approximately equal in 
length (Fig. 2). Protonephridial organs of capsular type. Testes oval, 
separated and postequatorial. Genital pore subterminal in females, ter-
minal in males. 
Females (Figs. 3A, B, 4) (measurements based on 13 mature speci-
mens: 8 fully extended, 3 with complete or partial proboscis retraction, 
and 2 partially retracted and cut): Trunk 59.750-89.091 (73.128) long 
by 1.300-1.900 (1.494) wide (Fig. 3A). Proboscis 0.259-0.358 (0.314) 
long by 0.338-0.418 (0.377) wide. Neck 0.199-0.300 (0.274) long by 
0.219--0.299 (0.264) wide. Proboscis receptacle 0.756-1.045 (0.894) 
long by 0.299-0.348 (0.328) wide. Lateral sensory pit 0.015 long by 
0.051 wide. Cerebral ganglion approximately 0.129 long by 0.119 wide. 
Lemnisci 3.483-5.373 (4.030) long by 0.129-0.149 (0.139) wide; ex-
tending 2.625-5.050 (4.017) into trunk. Protonephridial organs 0.169-
0.267 (0.206) long by 0.090-0.129 (0.114) wide; situated on surface of 
dorsal ligament sac at anterior rim of uterine bell. Distance from anterior 
margin of uterine bell to genital pore 1.662-1.990 (1.755) (Fig. 3B). 
Distance from anterior margin of uterine bell to selector apparatus 
0.299-0.597 (0.476). Uterus 1.154-1.592 (1.365) long. Vagina 0.299-
0.478 (0.355) long by 0.080-0.119 (0.103) wide. Genital pore subter-
minal. Fully formed eggs (Fig. 4) removed from pseudocoel and recov-
ered from host feces 0.073-0.080 (0.076) long by 0.045-0.053 (0.050) 
wide. 
Males (Figs. 2, 3C, D) (measurements based on 8 mature specimens: 
5 fully extended, 1 with proboscis retraction, J retracted and cut, and 
1 cut incomplete with proboscis extension): Trunk 41.450-58.182 
(47.326) long by 1.000-1.675 (1.379) wide. Proboscis 0.299-0.398 
(0.339) long by 0.289-0.361 (0.331) wide. Neck 0.191-0.249 (0.238) 
long by 0.199-0.313 (0.234) wide. Proboscis receptacle 0.697-0.975 
(0.841) long by 0.199-0.348 (0.291) wide. Lateral sensory pit 0.020 
long by 0.051 wide. Cerebral ganglion approximately 0.126 long by 
0.101 wide. Lemnisci 2.886-3.881 (3.556) long by 0.149-0.159 (0.152) 
wide; extending 2.786-5.375 (4.052) into trunk (Fig. 2). Protonephridial 
organs 0.149-0.285 (0.216) long by 0.070-0.133 (0.098) wide. Testes 
separated, approximately same size, situated in posterior third of trunk 
(Figs. 3C, D). Anterior testes 1.550-2.375 (1.935) long by 0.400-0.675 
(0.555) wide. Posterior testes 1.650-2.450 (2.050) long by 0.400-0.650 
(0.545) wide. Distance of distal margin of posterior testes to proximal 
margin of anterior cement gland, 2.625-7.500 (4.594). Eight uninucle-
ated elliptical cement glands positioned side by side on ligament strand 
behind posterior testes. Cement glands 0.398-0.796 (0.539) long by 
0.149-0.259 (0.209) wide. Saefftigen's pouch 0.995-1.300 (1.089) long 
by 0.328-0.425 (0.371) wide. Genital pore terminal. 
Juveniles (Fig. 5) (based on 3 specimens, 2 female and I male): 
Trunk slender, elongate, widest at insertion point of primary retractor 
muscles to trunk wall then narrowing to distal end. Proboscis as de-
scribed for adults, but slightly smaller. Hooks as described for adults. 
Proboscis receptacle attached in neck at base of proboscis. Lateral sen-
sory pit located posteriad to root of sixth circle hooks. Cerebral ganglion 
situated along posterior third of proboscis receptacle. Lemnisci ribbon-
like, approximately equal in length. Protonephridial organs of capsular 
type, with position as described for adults. 
Juvenile females (Fig. 5A) (based on I specimen with everted pro-
boscis, J specimen with partially inverted proboscis): Trunk 2.388-
2.886 (2.637) long by 0.508-0.597 (0.553) wide. Proboscis 0.249 long 
by 0.318 wide. Neck 0.126 long by 0.212 wide. Proboscis receptacle 
0.577-0.697 (0.637) long by 0.179-0.249 (0.214) wide. Lateral sensory 
pit 0.015 long by 0.030 wide, located 0.057 posteriad to root of sixth 
circle hook. Cerebral ganglion 0.101 long by 0.051 wide, situated 0.262 
from posterior margin of proboscis receptacle. Lemnisci 1.841-2.050 
0.946) long by 0.060-0.070 (0.065) wide, extending 1.343-1.741 
(1.542) into trunk. Protonephridia 0.025 long by 0.020 wide. Distance 
of anterior margin of uterine bell to genital pore 0.357-0.394 (0.376). 
Distance of anterior margin of uterine bell to selector apparatus 0.080-
0.131 (0.106). Uterus 0.207-0.230 (0.219) long. Vagina 0.121-0.134 
(0.128) long by 0.043-0.056 (0.050) wide. Genital pore subterminal. 
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FIGURE 3. Oligacanthorhynchus nickoli n. sp. (A) Adult paratype female. Bar = 5.0 mm. (B) Reproductive tract of adult paratype female. 
Bar = 0.50 mm. (C) Adult paratype male. Bar = 5.0 mm. (D) Reproductive tract of allotype male. Bar = 2.0 mm. 
Juvenile male (Fig. 5B, C) (based on 1 specimen with everted pro-
boscis): Trunk 2.866 long by 0.597 wide. Proboscis 0.299 long by 0.308 
wide. Neck 0.129 long by 0.249 wide. Proboscis receptacle 0.647 long 
by 0.159 wide. Lateral sensory pit 0.013 long by 0.030 wide, located 
0.046 posteriad to root of sixth circle hook. Cerebral ganglion 0.076 
long by 0.051 wide; situated 0.227 from posterior margin of proboscis 
receptacle. Lemnisci 1.294-1.540 (1.417) long by 0.060 wide, extend-
ing 1.463 into trunk. Protonephridia 0.030 long by 0.028 wide. Testes 
separated, approximately same size, situated in posterior third of trunk. 
Anterior testes 0.121 long by 0.066 wide. Posterior testes 0.096 long 
by 0.066 wide. Distance of distal margin of posterior testes to proximal 
margin of anterior cement gland, 0.126. Eight uninucleated elliptical 
cement glands positioned side by side on ligament strand behind pos-
terior testes. Cement glands 0.028-D.038 (0.031) long by 0.018-D.025 
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FIGURE 4. Mature egg of Oligacanthorhynchus nickoli n. sp. recovered from host intestinal contents v ia centrifuga l sedimentation technique. 
Bar = 0.015 mm. 
(0.02 1) wide. Saefftigen's pouch 0. 126 long by 0.091 wide. Genital pore 
terminal. 
Taxonomic summary 
Type host: Great horned owl, Bubo virgillianus (Gmelin, 1788) 
(Aves: Strigiformes: Strigidae). 
Other hosts: Red-tailed hawk, Buteo jamaicensis (Gmelin, 1788) 
(Aves: Falconiformes: A ccipitridae). 
Site of infection: Small intestine. 
Type locality: Phoenix, Maricopa County, Ari zona (33°26'54"N, 
112°04'24"W), U.S.A. 
Other hosts and localities: Bubo virgilliantls Wittmann (Toyota Prov-
ing Grounds), M aricopa County, Arizona (33°46'35"N, 11 2°3 1'40"W ); 
Sun City, M aricopa County, Arizona (33°35'5 1 "N , 11 2° 16' 16"W ). Buteo 
jamaicellsis Flagstaff, oconino County, Arizona (35° 11 '53" , 
I I 1039'02"W ); Glendale, M ari copa County, Arizona (33°32' 19" , 
112° 1 I '07W"); Wittmann (Toyota Proving Grounds), M aricopa County. 
Arizona (33°46'35"N, I 12°3 1' 40"W) ; and Pinetop, avajo County, Ar-
izona (34°07'33"N, 109°56' 13"W ), United States of America. 
Specimells deposited: Type specimens deposited in USNPC; holotype 
female (US PC 099228), allotype male (US PC 099229), and para-
types (US PC 099230-099237, adults; 099238, juvenile; 099239-
099240, immature). Host specimens deposited in Cornell University 
Museum of Vertebrates, Bird Collection, Ithaca, ew York; type host 
Bubo virgillianus (CU 5 1863) voucher B. virgillianus (CU 51865, 
51874- 51876, 51968, 51969) and voucher B. jamaicellsis (CU 51864, 
5 1970). 
Prevalence and intensity: For B. virginian us, 23% (7 of 30) examined 
harbored O. nickoli. Twenty- three specimens of B. virginiallus were 
examined from Phoenix , Ari zona: 2 birds were infected with a single 
adult acanthocephalan each; and 3 birds were infected with I I , 3, and 
2 adult acamhocephalans each. The . ingle bird examined from the 
Toyota Proving Grounds, Wittmann, Arizona, and Sun City, Arizona, 
were infected with a single adult acanthocephalan each. Of the 4 indi-
viduals of B. virg in.iallus examined from Flagstaff, and the single bird 
examined from Anthem, Ari zona, no acanthocephalans were encoun-
tered. For B. jamaicensis, 19% (4 of 2 1) examined harbored O. lIickoli : 
a single bird examined from Glendale, Arizona, was infected with 3 
juvenile everted cystacanths; a single bird examined from the Toyota 
Proving Grounds and single bird examined from Pine Top, Ari zona, 
were in fected with 10 and 2 immature acanthocephalan each. One of 
3 specimens of B. jallloicensis examined from Flagstaff harbored a sin-
gle adult acanthocephalan. The 14 indi v iduals of B. jamoicensis ex-
amined from Phoenix and single bird examined from Pima County, 
Arizona, harbored no acanthocephalans. 
Etymology: The spec ies is named in honor of Dr. Brent B. ickol , a 
well-recognized authority on Acamhocephala, for his out tanding ac-
compli shments and contributions to science and in recognition of hi 
studies on the Oligacanthorhynchidae. 
Remarks 
Morphologically, O. /'Iickoli is primaril y distingui hed from all con-
gener by differences in trunk length, proboscis size and armature, egg 
size, geographica l range, and host species. Comparison of distinguish-
ing characteri stics of Oligaconlhorhynchus occurring in avian hosts are 
summari zed in Table I. The new species is most similar morpho logically 
to O. iherillgi and O. minor. Oligacolllhorhynchus /lickoli differs from 
O. iheringi by a smaller trunk length (0. /'Iickoli 59.750- 89.091 in fe-
males and 41.450- 58.182 in males vs. O. iherillgi 85.000- 120.000 in 
females and 80.000- 90.000 in males) and width (0. /lickoli 1.300-
1.900 in females and 1.000- 1.675 in males vs. O. iherillgi 2.000- 3.000 
in females and 1.500- 2.000 in males); larger probo cis (0. lIickali 
0.259-0.358 long by 0.338-0.418 w ide in female and 0.299-0.398 
long by 0.289-0.361 wide in male v. O. iherillgi 0.282 long by 0.279 
• 
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FIGURE 5. Juvenile Oligacanthorhynchus nickoli n. sp. (A) Paratype female with everted proboscis. Bar = 0.50 mm. (B) Paratype male with 
everted proboscis. Bar = 0.50 mm. (C) Proboscis of paratype male. Bar = 0.15 mm. 
• 
TABLE I. Oligacanthorhynchus species known to infect avian definitive hosts. 
Oligacanthorhynchus species 
o. nickoli n. sp. 
o. compressus (Rudolphi, 1802) Meyer, 1932 
o. iheringi Travassos, 1917 
O. lagenaeformis (Westrumb, 1821) Travassos, 1917 
O. manifestus (Leidy, 1851) Van Cleave, 1924 
o. minor Machado, 1964 ' 
O. oti Machado, 1964 
O. ricinoides (Rudolphi, 1808) Meyer, 1931 
o. spira (Diesing, 1851) Travassos, 1915 
O. taenioides (Diesing, 1851) Travassos, 1915 
Oligacanthorhynchus species 
O. nickoli n. sp. 
O. compressus (Rudolphi, 1802) Meyer, 1932 
O. iheringi Travassos, 1917 
O. lagenaeformis (Westrumb, 1821) Travassos, 1917 
O. manifestus (Leidy, 1851) Van Cleave, 1924 
o. minor Machado, 1964 
O. oti Machado, 1964 
O. ricinoides (Rudolphi, 1808) Meyer, 1931 
O. spira (Diesing, 1851) Travassos, 1915 
O. taenioides (Diesing, 1851) Travassos, 1915 
Oligacanthorhynchus species 
O. nickoli n. sp. 
O. compressus (Rudolphi, 1802) Meyer, 1932 
O. iheringi Travassos, 1917 
O. lagenaeformis (Westrumb, 1821) Travassos, 1917 
O. manifestus (Leidy, 1851) Van Cleave, 1924 
O. minor Machado, 1964 
O. oti Machado, 1964 
O. ricinoides (Rudolphi, 1808) Meyer, 1931 
O. spira (Diesing, 1851) Travassos, 1915 
O. taenioides (Diesing, 1851) Travassos, 1915 
Trunk length (mm) 
59.75-89.09 F 
41.45-58.18 M 
7.0 
85.0-120.0 F/80.0-90.0 M 
3.2 
22.0 F 
65.0-90.0 F/50.0-70.0 M 
40.0 F/35.0 M 
3.5-6.5 
170.0-200.0 FI70.0-150.0 M 
150.0-190.0 FI70.0-95.0 M 
Lemniscus length 
and width (mm) 
3.48-5.37 X 0.13-0.15 F 
2.89-3.88 X 0.15-0.16 M 
Not listed 
4.00-8.00 X 0.83 
Not listed 
Not listed 
3.00 X 0.20 
4.15 X 0.10 
Not listed 
8.30 long 
3.00 X 0.33 
Egg length and width (mm) 
0.073-0.080 X 0.045-0.053 
Not listed 
0.046 X 0.030 
Not listed 
Not known 
0.058-0.068 X 0.033-0.040 
Not known 
Not listed 
0.067-0.071 X 0.037-0.054 
0.068 X 0.044 
Trunk width (mm) 
Proboscis length 
and width (mm) 
Hook length (mm) 
(first circle hook to 6th circle hook) 
1.3-1.9 F 
1.0-1.68 M 
1.5 
0.259-0.358 X 0.338-0.418 F 0.106-0.141,0.101-0.131,0.091-0.101 
0.299-0.398 X 0.289-0.361 M 0.081-0.096, 0.073-0.089, 0.056-0.071 
2.0-3.0 F/I.5-2.0 M 
Not listed 
Not listed 
0.282 X 0.279 
Not listed 
Not listed 
0.105,0.123,0.098,0.096,0.088,0.070 
Not listed 
1.25-1.9 F 
2.0 FIl.5-2.0 M 
1.0 F/O.75 M 
Not listed 
0.900 X 0.900 F 
0.430 X 0.516 
0.348 X 0.381 
Not listed 
0.150,0.220,0.140 
0.071, 0.063, 0.070, 0.065, 0.050, 0.042 
0.106, 0.118, 0.080, 0.072, 0.070, 0.064 
Not listed 
1.5-2.5 FIl.5-2.2 M 
3.5-4.5 F/2.5-3.5 M 
0.332 X 0.298 
0.448 X 0.532 
0.079, 0.088, 0.071, 0.062, 0.042, 0.032 
0.104,0.120,0.102,0.072,0.064,0.056 
Testes length 
and width (mm) 
1.55-2.45 X 0.40-0.68 
Not listed 
3.90-4.20 X 0.65-0.67 
Not listed 
Not listed 
2.66-2.82 X 0.580 
1.58 X 0.33 
Not listed 
5.04-5.81 X 0.580 
4.48-5.28 X 1.15-1.49 
Host 
Owls and Hawks 
Crows and Jackdaws 
Hawks, Eagles, Kites 
Harriers 
Woodpeckers 
Hawks 
Owls 
Plovers and Rollers 
Vultures 
Seriemas 
Cement gland length 
and width (mm) 
0.398-0.796 X 0.149-0.259 
Not listed 
1.00-1.50 X 0.25-0.27 
Not listed 
Not listed 
0.83-1.32 X 0.45-0.91 
0.17-0.25 X 0.15-0.16 
Not listed 
0.66-1.33 X 0.42 
1.16-2.23 X 0.58-0.69 
Geographical locality 
This study 
Ovijector length 
(mm) 
1.66-1.99 
Not listed 
2.66 
Not listed 
Not listed 
2.00 
3.56 
Not listed 
1.80 
1.83 
Reference 
Arizona, USA 
Europe 
Brazil and Panama 
Rudolphi (1802), Meyer (1932) 
Travassos (1917), Machado (1964) 
Europe 
North America 
Brazil 
Brazil 
Europe (Deutschland) 
Brazil 
Brazil 
Thatcher and Nickol (1972) 
Westrumb (1821), Travassos (1917) 
Leidy (1851), Van Cleave (1924) 
Machado (1964) 
Machado (1964) 
Rudolphi (1808), Meyer (1931) 
Diesing (1851), Machado (1964) 
Machado (1964) 
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wide); larger hook lengths in anteriormost circle (0. nickoli 0.106-
0.141 vs. O. iheringi 0.105); possessing a hook length of first circle 
hooks, which are longer than hooks in the second circle; shorter hook 
lengths in fifth and sixth circles (0. nickoli 0.073-0.089 and 0.056-
0.071 vs. O. iheringi 0.088 and 0.070); shorter ovijector length (0. 
nickoli 1.662-1.990 vs. O. iheringi 2.656); larger egg size (0. nickoli 
0.073-0.080 long by 0.045-0.053 wide vs. O. iheringi 0.046 long by 
0.030 wide); and smaller testes (0. nickoli 1.550-2.450 long by 0.400-
0.675 wide vs. O. iheringi 3.900-4.200 long by 0.650-0.670 wide) and 
cement glands (0. nickoli 0.398-0.796 long by 0.149-0.259 wide vs. 
O. iheringi 1.000-1.500 long by 0.249-0.269 wide). Oligacanthorhyn-
chus minor has a larger trunk length and width in males (50.000-70.000 
long by 1.500-2.000), larger proboscis (0.430 long by 0.516 wide), 
smaller hook length in all circles (0.071, 0.063, 0.070, 0.065, 0.050, 
0.042 anterior to posterior), smaller egg size (0.058-0.068 long by 
0.033-0.040 wide) and larger cement glands (0.830-1.320 long by 
0.448-0.913 wide). 
Three other congeners, which can be readily distinguished from O. 
nickoli, have been reported from predatory birds in the Western Hemi-
sphere; O. oti, O. spira, and O. taenioides. Oligacanthorhynchus oti has 
a shorter trunk length and width (40.000 long by 1.000 wide for females 
and 35.000 long by 0.750 wide for males), first circle hooks that are 
shorter than second circles hooks, shorter hook lengths in third and forth 
circles (0. nickoli 0.091-0.101 and 0.081-0.096 vs. O. oti 0.080 and 
0.072), a longer ovijector length (3.560), and larger testes (1.577 long 
by 0.332 wide) and cement glands (0.166-0.249 long by 0.149-0.160 
wide). Oligacanthorhynchus spira is considerably larger (170.000-
200.000 long by 1.500-2.500 wide for females and 70.000-150.000 
long by 1.500-2.200 wide for males), has a smaller proboscis width 
(0.298), smaller hook lengths in all circles (0.079, 0.088, 0.071, 0.062, 
0.042, 0.032 anteriorly to posteriorly), smaller egg size (0.067-0.071 
long by 0.037-0.054 wide), greater testes length (5.040-5.810 long by 
0.580 wide) and markedly larger cement glands (0.664-1.328 long by 
0.415 wide). Oligacanthorhynchus taenioides is much larger than O. 
nickoli (150.000-190.000 long by 3.500-4.500 wide for females and 
70.000-95.000 long by 2.500-3.500 wide for males), possesses a larger 
proboscis (0.448 long by 0.532 wide), shorter hook lengths in proximal 
3 circles (fourth, fifth, and sixth circles) (0.072, 0.064, 0.056), smaller 
egg size (0.068 long by 0.044 wide), and larger testes (4.482-5.280 
long by 1.145-1.494 wide) and cement glands (1.162-2.234 long by 
0.580-0.690 wide). 
A sixth species from the Western Hemisphere, Oligacanthorhynchus 
manifestus, was originally described as Echinorhynchus man(festus by 
Leidy (1851) from juveniles collected from the woodpecker Colaptes 
mexicanus, and additional specimens have not been documented as 
found since its original description. Oligacanthorhynchus nickoli differs 
from O. manifestus based on differences in proboscis size (0.900 long 
and wide) and the limited hook dimensions ascertainable from the dam-
aged specimens (0.150 anteriormost, 0.220 middle, 0.140 posteriormoij,t) 
by Van Cleave (1924), even though adult size and egg size are not 
known. 
Very limited information is available for the 3 species of Oligacan-
thorhynchus described from birds in the Eastern Hemisphere; however, 
the morphologic measurements and limited descriptions indicate that 
each of these 3 species are distinct from O. nickoli. Rudolphi (1802) 
and Meyer (1932) reported O. compressus of having a trunk length of 
7.0 mm and width of 1.5 mm with very little other morphologic param-
eters being described. Oligacanthorhynchus ra'genaeformis is described 
as having a trunk length of 3.2 mm long, a strongly tapering posterior 
end, large spherical proboscis with 5 transverse rows, and anal papilla 
(Westrumb, 1821; Travassos, 1917). Rudolphi (1819), subsequent to 
Westrumb's (1821) description, indicated that O. lagenaeformis pos-
sesses 6 rows of proboscis hooks. Oligacanthorhynchus ricinoides pos-
sesses a trunk length of 3.5 to 6.5 mm with "typical papilla at apex" 
(Rudolphi, 1809; Meyer, 1931, 1932). The remainder of the morpho-
logic description provided for this species lacks specific measurements, 
but it is consistent with several genera within the Oligacanthorhynchi-
dae. 
DISCUSSION 
Twenty-eight species are considered valid in Oligacantho-
rhynchus exclusive of those occupying the restituted Echino-
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pardalis (Amin, 1985; Nickol and Dunagan, 1989). The major-
ity of these species currently assigned to Oligacanthorhynchus 
infect mammalian hosts; however, 9 species occur in predatory 
birds: O. iheringi, O. minor, O. oti, O. spira, O. taenioides, and 
0. manifestus from the Western Hemisphere; and 0. compres-
sus, O. lagenaeformis, and O. ricinoides from the Eastern 
Hemisphere. In addition to the differences in morphology dis-
cussed previously, O. nickoli uses different host species and has 
a different geographical distribution. Oligacanthorhynchus 
iheringi has been reported in various raptors from Brazil, in-
cluding the crane hawk, Geranospiza caerulescens; crowned 
solitary eagle, Harpyhaliaetus coronatus; black collared hawk, 
Busarellus nigricollis (as Busarellus nigricolis); white-tailed 
hawk, Buteo albicaudatus (as Tachytriorchis albicaudatus); 
grey-headed kite, Leptodon cayennensis; savannah hawk, Bu-
teogallus meridionalis (as Heierospizias meridionalis); and the 
taxon listed as Urubutinga zonura by Travassos (1917) and Ma-
chado (1964). Additionally, O. iheringi has been reported in the 
cayenne kite, Odontriorchis palliates, by Machado (1964) and 
from the great black hawk, Buteogallus urubitinga, from Pan-
ama (Thatcher and Nickol, 1972). Machado (1964) reports O. 
minor from the savannah hawk, Buteogallus meridionalis (as 
Heterospizias meridionalis) , and O. oti from the Stygian owl, 
Otus stygius, and short-eared owl, Asio flammeus suinda (as 
Cicaba suinda) from Brazil. Oligacanthorhynchus taenioides is 
reported from Brazil in the red-legged seriema, Cariama cris-
tata, by Diesing (1851) and Machado (1964). Oligacantho-
rhynchus spira is reported from Brazil in the king vulture, Sar-
corhamphus papa; turkey vulture, Cathartes aura; black vul-
ture, Coragyps atratus brasiliensis (as Coragyps atractus); and 
lesser yellow-headed vulture, Cathartes burrovianus (as Ca-
thartes urubutinga) by Diesing (1851) and Machado (1964). 
Juvenile forms of O. manifestus have been reported from the 
woodpecker "Picus collaris" from North America by Leidy 
(1851). Van Cleave (1924) interpreted this host species to pos-
sibly represent the red-shafted woodpecker, Colaptes mexican-
us. Leidy (1851) did not specify the exact host locality for P. 
collaris; however, Colaptes mexicanus is considered a subspe-
cies of Colaptes auratus with C. a. mexican us having a geo-
graphical distribution of Central Mexico (Howard and Moore, 
1994). From the Eastern Hemisphere, O. compress us is reported 
to occur in the Eurasian jackdaw, Corvus monedula (as Coloeus 
monedula), and hooded crow, Corvus cornix, from Europe by 
Rudolphi (1802) and Meyer (1932). Oligacanthorhynchus la-
genaeformis is reported from Europe in the Montagu's or north-
ern harrier, Circus cyaneus, by Westrnmb (1821), Travassos 
(1917), and Meyer (1932) and in the hen harrier Circus pygar-
gus by Travassos (1917). Additionally, O. ricinoides is reported 
in the golden plover, Charadrius pluvialis, by Rudolphi (1808) 
and Meyer (1931) and European roller, Coracias garrulous, by 
Meyer (1932) and Petrochenko (1956) as Coracius garrula 
from Europe. 
Of the 9 Oligacanthorhynchus species known to infect birds, 
O. nickoli can be readily identified as a distinct species. Oli-
gacanthorhynchus nickoli represents the 10th species within the 
genera infecting birds (seventh from the Western Hemisphere), 
and the first Oligacanthorhynchus to be described from birds 
in United States or the host species B. virginianus and B. ja-
maicensis. 
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NEW SPECIES OF RHABDIAS (NEMATODA: RHABDIASIDAE) AND OTHER HELMINTHS 
FROM NOROPS CAPITO (SAURIA: POL YCHROTIDAE) FROM NICARAGUA 
Charles R. Bursey, Stephen R. Goldberg-, and Laurie J. Vittt 
Department of Biology, Pennsylvania State University, She nan go Campus, Sharon, Pennsylvania 16146. e-mail: Gxb13@psu.edu 
ABSTRACT: Rhabdias nicaraguensis n. sp. (Rhabditida: Rbabditidae) from the lungs of Norops capito (Sauria: Polychrotidae) is 
described and illustrated. Rhabdias nicaraguensis n. sp. represents the 54th species assigned to the genus and the 12th from the 
Neotropical realm. Of the 12 Neotropical Rhabdias species, nicaraguensis is most similar to tobagoensis and vellardi. These 3 
species have equatorial placement of the vulva, inflated cuticle, and 6 small circumoral lips. Rhabdias nicaraguensis is easily 
separated from R. tobagoensis by the shape of the buccal cavity and from R. vellardi by body size and shape of the tail. Rhabdias 
nicaraguensis differs from both species by host preference, the amount of inflated cuticle covering the body, and the phasmids 
situated posterior to the midpoint of the tail. 
The bighead anole, Norops capito (Peters, 1863) (Polychro-
tidae), is a large, long-legged anole found in humid lowlands 
and premontane slopes on the Atlantic versant from Tabasco, 
Mexico, to eastern Panama and on the Pacific slope from north-
western Costa Rica through Panama (Savage, 2002). The ecol-
ogy of N. capito has been studied (see Savage, 2002); to our 
knowledge, there are no helminthological reports. The purpose 
of this paper is to describe a new species of nematode harbored 
by N. capito and to provide an initial helminth list for this host. 
MATERIALS AND METHODS 
Thirty N. capito collected between 15 March and 15 April 1993, Rio 
San Juan Province, Nicaragua, were borrowed from the Sam Noble 
Oklahoma Museum of Natural History (OMNH) , Norman, Oklahoma 
(15 females, 15 males, mean snout-vent length 51 :!: 20 mm, range 27-
88 mm; OMNH 35891-35920) and examined for helminths. Stomachs 
were previously removed during an ecological investigation (Vitt and 
Zani, 2005) and were not available for examination. After removal of 
their stomachs, the lizards were fixed in 10% formalin, then stored in 
70% ethanol. The incision on the abdomen allowing the removal of the 
stomach was extended to the cloaca and the small and large intestines 
were removed, opened longitudinally, and searched for helminths with 
a dissecting microscope. The coelom and lungs were also searched. 
Each helminth, fixed in situ, was cleared in glycerol on a glass slide 
and identified from these preparations with a light microscope. Illustra-
tions were made with the aid of a microprojector. Measurements are 
given in micrometers unless otherwise indicated as mean :!: 1 SD with 
range in parentheses. Type and paratype specimens were deposited" in 
the U.S. National Parasite Collection (USNPC), Beltsville, Maryland 
(USNPC 97457, 97458, respectively). 
RESULTS 
Two species of Nematoda, Oswaldocruzia nicaraguensis 
Bursey, Goldberg, and Vitt, 2005, a ni":' species of Rhabdias, 
and 1 species of Acanthocephala, Acanthocephalus saurius 
Bursey and Goldberg, 2003, were found. Seventeen N. capito 
(57%) were infected: 12 harbored a single helminth species, 4 
harbored 2 species, and 1 had 3 species. Prevalence, mean in-
tensity, and range by helminth species are given in Table I. 
Description of the new species follows. 
Received 7 March 2006; revised 6 July 2006; accepted 30 August 
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DESCRIPTION 
Rhabdias nicaraguensis n. sp. 
(Figs. 1-5) 
Diagnosis: Measurements based on 10 gravid individuals. Body 
length of parthenogenetic female 6.9 :!: 0.2 mm (range 6.6-7.2 mm), 
width at vulva 346 :!: 44 (281-421). Anterior end rounded, posterior 
end tapered. Outer layers of cuticle inflated, irregular folds and ridges 
throughout, from lip to tip of tail; inner layer of cuticle with indistinct 
longitudinal striations occurring 2-3 apart. Oral opening round, sur-
rounded by 6 weakly developed lips of equal size and shape. Lip adorn-
ment absent, amphid present at outer limits of each lateral lip. Buccal 
cavity spherical, 12 :!: 1 (11-15) in diameter, 12 :!: 1 (11-15) in depth. 
Clavicular esophagus 573 :!: 24 (536-612) in length (8% of body 
length), maximum width 99 :!: 7 (89-107) at posterior end. A nondilated 
muscular area in the esophagus occurs just anterior to nerve ring. Nerve 
ring and excretory pore 148 :!: 9 (134-159) and 500 :!: 34 (459-561), 
respectively, from anterior end. Excretory duct short, excretory glands 
indistinct. Width of intestine at esophagointestinal junction 74 :!: 6 (64-
82) but widening posteriorly. Intestine filled with brown or black con-
tents. Muscular sphincter between intestine, rectum. Rectum with scler-
otized walls. Posterior lip of anus swollen; anus 288 :!: 36 (255-357) 
from posterior end of body (tail 4% of body length). Vulva more or 
less equatorial 3.6 :!: 0.2 mm (3.2-4.0 mm) from anterior end of body 
or 49% (48-54%) of body length, distinct nonsalient lips. Reproductive 
system ampidelphic. Ovaries begin in region of vulva; both ovaries and 
oviducts straight, lie along intestine. Uteri thin walled, filled with nu-
merous eggs; egg shell thin, smooth, clear; larvated eggs near vagina 
99 :!: 3 (95-104) long, 54 :!: 3 (52-61) wide; hatched first stage larvae 
not found in uterus. Tail conical, narrowing to sharp point; phasmids 
situated posterior to midpoint of tail. 
Taxonomic summary 
Type host: Bighead anole, Norops capito; symbiotype, OMNH 
35912; collected 4 April 1993. 
Type locality: By Isla Diamante on Rio San Juan, Rio San Juan 
Province, (11°3'N, 85°40'W) Nicaragua. 
Site of infection: Lungs. 
Type specimens: Holotype USNPC 97457; paratypes USNPC 97458. 
Etymology: The new species is named in reference to the country of 
collection. 
Remarks 
A list of 46 species of Rhabdias was published by Bursey et al. 
(2003); 7 additional species have been described since then (Kuzmin, 
2003; Kuzmin et aI., 2003, 2005; Lhermitte-Vallarino and Bain, 2004; 
Sarkar and Manna, 2004; Bursey and Goldberg, 2005; Martinez-Salazar 
and Le6n-Regagnon, 2006). Rhabdias nicaraguensis n. sp. represents 
the 54th species assigned to the genus and the 12th from the Neotropical 
realm. Of the 12 Neotropical species, 3 have been described from rep-
tilian hosts (i.e., Rhabdias anolis Bursey, Goldberg, and Telford, 2003, 
from the lizard Anolis frenatus; Rhabdias lamothei Martinez-Salazar 
and Le6n-Regagnon, 2006, from an endemic Mexican snake, Leptodei-
ra maculata; and Rhabdias vellardi Pereira, 1928, from the snakes Ag-
kistrodon bilineatus, Oxyrhopus tigeminus, and Philodryas schottii) (Pe-
) 
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TABLE 1. Site of infection, number of helminths, prevalence, mean intensity, range of infection, and U.S. National Parasite Collection (USNPC) 
accession numbers for 3 helminth species from Norops capito from Nicaragua. 
Helminth Site of 
species infection Number 
Nematoda 
Oswaldocruzia nicaraguensis Small intestine 64 
Rhabdias nicaraguensis n. sp. Lung 15 
Acanthocephala 
Acanthocephalus saurius Small intestine 21 
reira, 1928; Bursey et al., 2003; Martinez-Salazar and Le6n-Regagnon, 
2006). The other 9 species are from anuran hosts. Rhabdias nicara-
guensis, Rhabdias tobagoensis Moravec and Kaiser, 1995, and R. vel-
lardi differ from other Neotropical species in that these 3 have an equa-
torial placement of the vulva, an inflated cuticle, and 6 small circumoral 
lips. Rhabdias nicaraguensis is easily separated from R. tobagoensis by 
E 
::::1. g 
N 
1 
. , 
Mean intensity USNPC collection 
Prevalence :!: SD Range number 
8/30 (27%) 8.0 :!: 6.5 2-22 97459 
5/30 (17%) 3.0 :!: 2.8 1-7 97457, 97458 
10/30 (33%) 2.1 :!: 2.2 1-8 97460, 97461 
the shape and size of its buccal cavity (that of R. nicaraguensis round 
in longitudinal section; that of R. tobagoensis twice as wide as long), 
the phasmids situated posterior to the midpoint of the tail, and host 
preference (lizards by R. nicaraguensis; frogs by R. tobagoensis). Rhab-
dias nicaraguensis differs from R. vellardi in body size (6.6-7.2 mm 
in R. nicaraguensis, 3.0-3.3 mm in R. vellardi) and shape of the tail 
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FIGURES 1-5. Rhabdias nicaraguensis n. sp. (1) Parthenogenetic female, anterior end, lateral view. (2) Female, posterior end, lateral view. (3) 
Female, en face view. (4) Female, anterior end. (5) Female, vulvar region. 
(narrowing to a sharp point covered by inflated cuticle in R. nicara-
guensis; thin tail tip not covered by inflated cuticle in R. vellardi). 
With the exception of R. nicaraguensis n. sp., neither of the other 2 
helminth species is unique to N. capito; however, N. capito is a newly 
recognized host for the 2 species. Oswaldocruzia nicaraguensis is a 
newly described species currently known only from Ameivafestiva col-
lected in Rio San Juan Province, Nicaragua (Bursey et aI., 2006), the 
same collection locality as for N. capito. Acanthocephalus saurius was 
originally described from Norops limifrons collected in Costa Rica 
(Bursey and Goldberg, 2003) and was subsequently reported in Prion-
odactylus oshaughnessyi collected in Brazil (Bursey and Goldberg, 
2004). Oswaldocruzia nicaraguensis and Acanthocephalus saurius are 
considered to be host generalists (i.e., they reach maturity in more than 
1 host species). Thus, they could be expected in other hosts of the 
region. 
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A NEW GYMNOPHALLID TREMATODE FROM THE INTESTINE OF MICE INFECTED WITH 
METACERCARIAE FROM THE RAZOR CLAM SINONOVACULA CONSTRICTA 
Jong-Yil Chai, Eun-Taek Han', Dongil Choit, Min Seot, Jae-Lip Kim, Sang-Mee Guk, Eun-Hee Shin, and 
Soon-Hyung Lee 
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ABSTRACT: Meiogymnophallus sinonovaculae n. sp. (Digenea: Gymnophallidae) is described from metacercariae found in the 
razor clam, Sinonovacula constricta, in the Republic of Korea, and adults recovered from the small intestine of experimentally 
infected mice. The worms are characterized by paired clusters of vitelline follicles, a well-developed pars prostatica with abundant 
prostate cells, a voluminous undivided seminal vesicle (in adults and metacercariae), and large, grouped, domelike sensory papillae 
on the ventral surface anterior to the ventral sucker (in metacercariae). This new species resembles the type species Meiogym-
nophallus affinis, but differs in having compact, elliptical, and 4-5-lobed vitellaria, and an excretory vesicle with bicomuated 
anterior arms reaching to the oral sucker. This is the second documentation of the presence of a species of Meiogymnophallus 
in the Republic of Korea. 
The flukes of the digenean Gymnophallidae (Digenea) are 
parasites of birds and, rarely, mammals, including man; these 
gymnophallid flukes commonly use bivalve molluscs as inter-
mediate hosts, but rarely utilize gastropods or polychaetes 
(Ching, 1995). Eight genera are known within this family: Gym-
nophallus Odhner, 1900; Gymnophalloides Fujita, 1925; Par-
vatrema Cable, 1953; Meiogymnophallus Ching, 1965; Lacu-
novermis Ching, 1965; Paragymnophallus Ching, 1973; Pseu-
dogymnophallus Hoberg, 1981; and Bartolius Cremonte, 2001 
(Ching, 1995; Cremonte, 2001). 
Meiogymnophallus Ching, 1965 was erected to include flukes 
that lack a ventral pit, but have a narrow, inconspicuous genital 
pore directly anterior to the ventral sucker; a club-shaped, un-
divided seminal vesicle; and a V-shaped excretory bladder 
(Ching, 1965, 1972, 1973a). The original type species was 
Meiogymnophallus multigemmulus, an intestinal fluke of shore 
birds (Ching, 1965). However, after light microscopy and sur-
face ultrastructural studies, M. multigemmulus was synony-
mized with Parvatrema affinis (Jameson and Nicoll, 1913), and 
a new combination was proposed, Meiogymnophallus affinis 
(Pekkarinen, 1987; Pekkarinen and Ching, 1994). At present, a 
total of 7 species are included within this genus, namely, Meio-
gymnophallus minutus (Cobbold, 1859), Meiogymnophallus 
strigatus (Lebour, 1908), M. affinis (Jameson and Nicoll:1913), 
Meiogymnophallus macrostomus (Yamaguti, 1939), Meiogym-
nophallus jamesoni Bowers, 1965, Meiogymnophallus fossarum 
(Bartoli, 1965), and Meiogymnophallus rebecqui (Bartoli, 1983) 
(Ching, 1965; Bowers, 1965; Bowers and James, 1967; Bartoli, 
1983a, 1983b; Bowers et aI., 1990; Pekkarinen and Ching, 
1994; Bowers et aI., 1996). 
In the Republic of Korea, the d1~tribution of gymnophallid 
flukes was documented for the first time after the recovery of 
M. macrostomus (synonym, Gymnophallus macrostoma) adults 
from birds, Melanitta nigra americana (Yamaguti, 1939). Later, 
Gymnophalloides seoi Lee, Chai and Hong, 1993, was discov-
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ered, as a new species, from human infections (Lee et al., 
1993), and subsequently G. seoi was found to be prevalent 
among people in a village on a southwestern coastal island (Lee 
et al., 1994). In the meantime, the metacercariae of Parvatrema 
timondavidi Bartoli, 1963, were reported from the brackish wa-
ter clams Tapes philippinarum (Yu et aI., 1993). 
During surveys on parasites of brackish-water bivalves, we 
found metacercariae of Meiogymnophallus sp. in the razor 
clam, Sinonovacula constricta (Novaculinidae), in a western 
coastal area of the Republic of Korea. After experimental in-
fection in mice, adult flukes of a Meiogymnophallus species 
(Ching, 1965) were obtained. However, the specimens are mor-
phologically incompatible with previously reported species, and 
a new taxon is accordingly described. 
MATERIALS AND METHODS 
Experimental animals 
Specific-pathogen-free (SPF) ICR mice (6 wk old) were obtained 
from the Daehan Biolink Co., Ltd. (Eomsung-gun, Chungcheongbuk-
do, Korea) and maintained under SPF conditions at the animal facility 
of the Seoul National University College of Medicine, Seoul, Republic 
of Korea. 
Source and isolation of metacercariae 
Brackish-water bivalve clams, S. constricta (average, 7.5 X 2.4 cm 
in maximum shell length and width), known to be distributed in Korea, 
Japan, and China (Kwon et aI., 1993), were purchased in Youngkwang-
gun, Jeollanam-do, Korea, in January 1995. They were transported to 
the laboratory under refrigeration and digested in artificial gastric juice 
containing 0.5% pepsin (1:10,000, Sigma Chemical Co., St. Louis, Mis-
souri) and 0.8% HCI. The digested material was filtered through a sieve 
and washed several times with 0.85% physiological saline. Trematode 
metacercariae were collected from the sediment using a stereomicro-
scope. 
Experimental infection of animals and worm recovery 
To obtain adult flukes, 3 mice were each orally fed 50 metacercariae, 
and killed at day 7 postinfection (PI). Small intestines were removed, 
opened along the mesenteric border in 0.85% saline solution, and 
washed several times. The worms were collected from the intestinal 
contents using a stereo microscope and washed several times with saline. 
They were then fixed in 10% neutral formalin, stained with Semichon's 
acetocarmine, mounted in Canada balsam, and identified using light 
microscopy. Detailed morphologies of the terminal genitalia were stud-
ied when the worms were alive, after fixation, and after staining. Draw-
ings were done with the aid of a camera lucida. 
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Scanning electron microscopy 
About 30 metacercariae were washed twice with physiological saline 
and 3 times with 0.1 M phosphate-buffered saline (PBS) (pH = 7.4), 
and fixed with 2.5% glutaraldehyde (Sigma) at 4 C. After further wash-
ings with O.IM PBS, the specimens were dehydrated in a graded ethanol 
series, dried in a critical-point dryer (CPD7501, VG Microtech, East 
Sussex, U.K.), and mounted on stubs. They were then coated with gold 
using an ion-sputtering coater (IB-3, Eiko Engineering Co., Mito, Ibar-
aki, Japan) and observed using a scanning electron microscope (SEM) 
(lSI DS-130C, Akashi Co., Tokyo, Japan) at an accelerating voltage of 
10 kYo 
RESULTS 
In total, 642 metacercariae of M. sinonovaculae n. sp. were 
collected from 20 S. constricta; the number of metacercariae 
ranged from 3 to 232 (av. 32.1) per clam, and the prevalence 
was 66.7% (20/30 clams). The metacercariae were mainly lo-
cated in the general extrapallial space of the clam, and were 
not encysted, but rather covered with a gelatinlike mucoid en-
velope, which appeared to be of clam origin. The mucoid en-
velope was easily detached by repeated washings in PBS. After 
experimental infection to mice, 8 adult flukes of the new species 
were harvested from small intestines on day 7 PI (worm recov-
ery = 5.3%). 
DESCRIPTION 
Meiogymnophallus sinonovaculae n. sp. 
(Figs. 1, 2) 
General: Minute gymnophallid with broad spines, 2 lateral lips on 
oral sucker, no ventral pit, inconspicuous genital pore, voluminous un-
divided seminal vesicle, well-developed pars prostatica, and paired and 
compact vitellaria. Measurements are given in micrometers. 
Adult (based on 8 specimens, mean followed by range in parenthe-
ses): Body minute, elongate oval with concave ventral surface, some-
what rounded anterior end, and tapering posterior end, and 290 (240-
370 in range) long and 179 (160-200) wide with greatest width at level 
of pharynx. Spines from anterior to posterior end of body; spines trans-
verse and serrated with several points. Oral sucker large, subterminal, 
95 (90-103) long and 109 (103-118) wide with prominent lateral lips 
on each side. Pharynx subglobular or elliptical, 23 (20-25) long and 
33 (28-35) wide. Esophagus not seen. Ceca short, saccate, usually di-
vergent from medial line and no pockets. Ventral pit absent. Ventral 
sucker round or elliptical, 36 (35-38) long and 43 (40-45) wide at '¥l-
34 of body length from posterior end. Sucker width ratio 1 :0.4. Distans;e 
from anterior end to anterior edge of ventral sucker 175 (145-230 in 
range). Two testes large, slightly oblique, symmetrical, and lateral at 
level of ventral sucker and vitellaria. Right testis 45 (38-50) long and 
24 (18-30) wide. Left testis 42 (35-45) long and 25 (23-28) wide. 
Seminal vesicle round, large, almost the same size as ventral sucker, 41 
(38-50) long, 37 (33-43) wide, located anterior to the ventral sucker, 
and joining a well-developed pars prostatica. Pars prostatica dish- or 
disc-shaped, with fingerlike projections laterally, having a plenty of 
prostate cells, frequently overlapped with seminal vesicle, and con-
nected to ejaculatory duct and genital atrium. Genital atrium shallow, 
18 (15-23) long, 22 (20-25) wide, and surrounded by papillae. Genital 
pore inconspicuous and opening close to anterior margin of ventral 
sucker. Ovary spherical or subspherical, 44 (40-55) long, 27 (25-30) 
wide, located between left branched ceca and left testis. Laurer's canal 
opened dorsally. Seminal receptacle not observed. Paired vitellaria com-
pact and slightly elongate, each 4-5 lobed, lateral to ventral sucker; 
right vitellaria 43 (38-50) long, 21 (18-25) wide and left vitellaria 41 
(35-50) long, 19 (18-23) wide. Oviduct and common vitelline duct 
joining to Mehlis' gland and then to uterine loop. Uterine loop extend-
ing between midbody and hind body. Excretory vesicle V-shaped, with 
numerous excretory granules of 2.5 (2-3) in diameter, anterior arms 
bicornuate, reaching to oral sucker. Eggs mean 21 (l0-50) in number, 
22 (21-23) long and 14 (13-15) wide. 
Metacercaria (based on 20 specimens; Figs. 3-5): Entire surface of 
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FIGURE 1. Meiogymnophallus sinonovaculae n. sp. (holotype), an 
adult fluke recovered from the small intestine of an experimentally in-
fected mouse at day 7 PI. Abbreviations: OS, oral sucker; LL, lateral 
lip; C, cecum; Pp, pars prostatica; OV, ovary; VT, vitelline gland; SV, 
seminal vesicle; GA, genital atrium; T, testis; VS, ventral sucker. Bar 
= 0.03 mm. 
body heavily covered with transverse rows of flat, thick spines decreas-
ing in size posteriorly. Body 272 (230-310) long, 195 (180-210) wide 
at level of acetabulum, and rounded in contracted specimens, or oval 
to elliptical with rounded anterior and posterior ends in extended spec-
imens. Oral sucker subterminal to terminal, round, about 3 times larger 
than acetabulum, 117 (108-128) in transverse diameter, with a paired 
lateral lips, and about 10 large and 10 small domelike sensory papillae 
with cilia on the ventral surface. Pharynx round, and 22 (18-25) in 
diameter. Gland cells present on each side of the oral sucker along the 
pharynx. Esophagus not seen. Acetabulum round, 42 (40-43) in trans-
verse diameter, equipped with about 8 domelike sensory papillae with-
out cilia on the ventral surface. Sucker ratio I :0.36. On ventral surface 
between the levels of ceca and ventral sucker, a group of 120 large, 
domelike sensory papillae present (Figs. 4-5). Testes symmetrical, on 
each side of ventral sucker or posterior to it, right testis 59 (50-67) 
long and 35 (30-43) wide, and left testis 58 (49-66) long and 36 (32-
41) wide. Seminal vesicle undivided, anterolateral to ventral sucker, and 
connected to pars prostatica. Pars prostatica well developed, with abun-
dant prostate cells, and connected to ejaculatory duct and genital atrium. 
Genital atrium shallow, receiving uterine and ejaculatory ducts. Genital 
pore inconspicuous, opening at anterior edge of ventral sucker. Ovary 
smaller than testes, 41 (35-45) in diameter, and 23 (17-26) wide. Laur-
er's canal opened dorsally. Seminal receptacle not observed. Mehlis' 
gland and ootype present. Vitellaria 2 clusters of follicles, each 4-5 
lobed and slightly elongated, lateral to ventral sucker; right vitellaria 
44 (38-48) long, 24 (22-25) wide and left vitellaria 42 (35-45) long, 
25 (20-28) wide. Excretory vesicle V-shaped, containing numerous ex-
cretory granules of 3.5 (3-4) in diameter, bifurcation posterior to ventral 
sucker, arms with dorsal and ventral lobes reaching to midoral sucker. 
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FIGURE 2. Schematic representation of the terminal genitalia of Meiogymnophallus sinonovaculae n. sp. (adult). Abbreviations: GA, genital 
atrium; Gp, genital pore; LC, Laurer's canal; MG, Mehlis' gland; OV, ovary; 00, ootype; Pp, pars prostatica; SV, seminal vesicle; T, testis; U, 
uterus; VT, vitelline gland. Bar = 0.02 mm. 
Taxonomic summary 
Type host: Mouse, Mus musculus Linnaeus (ICR strain) (experimen-
tal). 
Site of infection: Small intestine. 
Second intermediate host: Brackish-water bivalve Sinonovacula con-
stricta Lamarck, 1818 (Navaculinidae) (the razor clam). 
Locality: Youngkwang-gun, Jeollanam-do (Province), Republic of 
Korea (35°80'N, 126°70'E). 
Specimens deposited: Holotype and paratypes, SNU (Seoul National 
University, Seoul, Republic of Korea) Helminthology Collection 
(SNUPC 01041-01046); paratype, USNM Helminthology Collection 
(Beltsville, Maryland) (USNPC 092044). 
Etymology: The specific name is derived from the generic name of 
the second intermediate host. 
Remarks 
The unique characteristics of the new'species (adults) include paired 
clusters of 4-5-10bed vitelline follicles lateral to the ventral sucker, a 
well-developed pars prostatica with abundant prostate cells, a volumi-
nous undivided seminal vesicle, and a shallow genital atrium anterior 
to the ventral sucker. Characteristic features of the metacercaria stage 
include the presence of about 120 grouped, ciliated or aciliated, dome-
like sensory papillae on the ventral surface between the levels of the 
pharynx and genital pore, as shown by SEM study. The new species 
and M. affinis (Jameson and Nicoll, 1913), the type species, are similar 
in body shape, having 2 lateral lips on the oral sucker, an undivided 
seminal vesicle, a similar body length-to-oral sucker ratio, and a V-
shaped bicornuate excretory bladder. However, the new species has a 
pair of compact, slightly elongate, and 4-5-10bed vitellaria, whereas M. 
a/finis has a pair of irregularly shaped vitellaria (Jameson and Nicoll, 
1913). 
The new species resembles M. macrostomus in having a broad body, 
a similar body length-to-oral sucker ratio, an undivided seminal vesicle, 
and 2 lateral lips on the oral sucker, but differs in having compact, 4-
5-10bed vitellaria, and a bicornuated excretory bladder (Yamaguti, 
1939). Meiogymnophallus fossarum and M. rebecqui have a bipartite 
seminal vesicle, and lack lateral lips on the oral sucker (Bartoli, 1965, 
1983a), unlike the new species. Meiogymnophallus jamesoni has a 
large, undivided seminal vesicle, but lacks lateral lips on the oral sucker 
(Bowers, 1965). The differential points of M. minutus from the new 
species include a smaller-sized oral sucker with a higher body length-
to-oral sucker ratio (6: 1), the absence of lateral lips on the oral sucker, 
and simple, rounded anterior arms of the excretory bladder (Bowers and 
James, 1967; Russell-Pinto and Bowers, 1998). Meiogymnophallus stri-
gatus lacks lateral lips on the oral sucker and vitelline glands present 
as a single compact mass (Bartoli, 1983b). 
DISCUSSION 
James (1964) reviewed GymnophaUidae species and reorga-
nized them into 3 amended genera: Gymnophallus, Parvatrema, 
and Gymnophalloides. The Gymnophalloides amendment in-
volved synonymizing Gymnophallus macrostoma Yamaguti, 
1939 (adult), reported from a Korean bird, with Gymnophal-
loides tokiensis Fujita, 1925 (metacercaria), isolated from oys-
ters in Tokyo Bay, Japan. However, Ching (1965) created a new 
genus, Meiogymnophallus, for those lacking a ventral pit, and 
included G. macrostoma, renaming it as M. macrostomus. 
Ching (1965) retained Gymnophalloides and created another 
new genus, Lacunovermis, to include flukes that have a ventral 
pit. In Parvatrema, the ventral pit is lacking. 
The validity of Meiogymnophallus has been debated. Bartoli 
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FIG RES 3-5. M etacercaria of M eiogymllopha llus sinonovaclI lae n. sp. (3) ventral view, isolated from the razor clam. SinonovaclIla cOlIslricra, 
collected from a local market in Youngkwang-gun, Jeollanam-do, Republic of Korea. Acetocarmine stain. Bar = 0.05 mm. (4) Scanning electron 
microscopic v iew of a metacercaria of M . sillollovaclI lae n. sp. Oral sucker (0 ), ventral ucker (Y ), and large, grouped, dome- like sensory 
papillae (SP) are characteri stica lly seen. Genital pore (GP) is not well seen. which is opened in front of the ventral sucker. Bar = 0.04 mm. (5) 
A c10 e-up view of the tegumental surface around the ventral sucker of a metacercaria of M. sillollov(lclliae n. sp., magnified f rom Figure 4, 
showing the ventra l sucker ( YS), genital pore (GP), and large, grouped, domelike sensory papillae. Bar = 0.02 mm. 
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(1965) questioned the validity of Meiogymnophallus because of 
its close morphological similarities with Gymnophallus, al-
though Bowers and James (1967) retained its validity. Scholz 
(2002) was of the opinion that Meiogymnophallus should be 
considered a synonym of Parvatrema, because almost all key 
characters of Meiogymnophallus and Parvatrema shown by 
Ching (1995) overlap. However, an important differential char-
acter between the 2 genera is the presence of the pars prostatica 
in Meiogymnophallus (Ching, 1965) and its absence in Parva-
trema (James, 1964). Other marked differences include the 
structure of the genital pore, which is wide and apparent in 
Parvatrema, but inconspicuous in Meiogymnophallus, and the 
shape of the genital atrium, which is wide and oval in Parva-
trema, but tubular in Meiogymnophallus (Ching, 1995). In ad-
dition, sizes and positions of genital pores vary considerably 
within individual specimens of the same Parvatrema species 
(James, 1964). Moreover, the size of the genital pore and its 
position depends on worm contraction and may be easily mis-
interpreted (Pekkarinen and Ching, 1994). 
Nevertheless, we assigned our specimens to Meiogymno-
phallus rather than Parvatrema. The most important reason for 
doing this was that Parvatrema lacks the pars prostatic a (James, 
1964), whereas our specimens have a well-developed pars pros-
tatica, being consistent with Meiogymnophallus (Ching, 1965). 
The vitellaria of Meiogymnophallus are composed of paired 
clusters (Ching, 1965), whereas those of Parvatrema usually 
form a single round cluster (Yamaguti, 1958; Schell, 1985). Our 
specimens have a pair of compact, 4-5-lobed clusters of vitel-
line follicles lateral to the ventral sucker, which is compatible 
to Meiogymnophallus. We noted that 2 Meiogymnophallus spe-
cies, namely, M. rebecqui and M. strigatus, have only a single 
compact mass of vitellaria, which may warrant changing their 
generic names. 
Several other gymnophallids have been reported in Meiogym-
no phallus (Ching, 1965; Rebeq and Prevot, 1962), i.e., Meio-
gymnophallus somateriae (Levinsen, 1881), Meiogymnophallus 
macroporus (Jameson and Nicoll, 1913), Meiogymnophallus 
oedemiae (Jameson and Nicoll, 1913), and Meiogymnophallus 
nereicola (Rebeq and Prevot, 1962). Lat(;!r, M. somateriae was 
renamed Gymnophallus somateriae (Ching, 1973b; Pekkarinen, 
1988; Pekkarinen and Ching, 1994), M. macroporus was· syn-
onymized with Lacunovermis macomae (Loos-Frank, 1970), 
and M. oedemiae and M. nereicola were synonymized with M. 
minutus (Bowers and James, 1967). 
A characteristic morphology of the metacercariae of M. si-
nonovaculae is the presence of about 120 large, grouped, dome-
like sensory papillae on the ventral surface between the ceca 
and the ventral sucker. However, it' is regrettable that adult 
flukes were not examined by SEM and thus we could not verify 
the presence of these papillae in adults. The number of adult 
flukes recovered from experimental infections in mice was only 
8 in total, which was insufficient for SEM study. Further studies 
are needed to elucidate this point. 
Several species of marine bivalves have been reported to host 
the metacercariae of gymnophallid trematodes in the Republic 
of Korea. The metacercariae of G. seoi were found in oysters, 
Crassostrea gigas (Lee et al., 1995; Chai et al., 2003), and 
those of P. timondavidi in the clam, T. philippinarum (Yu et 
al., 1993). In the present study, the razor clam, S. constricta, 
was verified as a second intermediate host of M. sinonovaculae. 
In the case of G. seoi, as many as 49-72% of the residents in 
endemic areas are infected with this gymnophallid fluke (Chai 
et al., 2003). Thus, the possibility of human infections with 
other gymnophallids, including M. sinonovaculae, cannot be 
ruled out, and warrants further study. 
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FIRST LARVAL RECORD OF MESOCESTOIDES IN CARNIVORA OF TENERIFE 
(CANARY ISLANDS) 
Pilar Foronda, Alfredo Perez Riverot, Marfa A. Santana Morales, Alicia Kabdurt, Ana C. Gonzalez, 
M. Antonieta Quispe Ricalde, Carlos Feliu*, and Basilio Valladares 
Department of Parasitology, Ecology, and Genetics, Faculty of Pharmacy, University of La Laguna, Avda, Astroffsico Fco, Sanchez sin, 38203 
Tenerife, Canary Islands, Spain. e-mail: pforonda@ull.es 
ABSTRACT: Larvae of Mesocestoides sp. were recovered in Tenerife (Canary Islands) in 2004 from the peritoneal cavities of 2 
domestic dogs and a domestic cat. Morphological and molecular identification were carried out. Mesocestoides litteratus from 
Vulpes vulpes was sequenced for the first time using the ITS-2 region (18S rDNA), and was included in the phylogenetic analysis 
to compare the sequence variability among these and other Mesocestoides spp. belonging to different carnivores. Phylogenetic 
studies were carried out based on maximum parsimony and neighbor-joining analysis. The results showed the relationships 
between these and other previously published Mesocestoides species. Moreover, it is demonstrated that Mesocestoides sp. from 
Tenerife comprises a previously unreported sequence. This is the first larval record of Mesocestoides sp. in domestic animals 
from Tenerife, Canary Islands, Spain. 
Infection with Mesocestoides is uncommon in domestic dogs 
(Crosbie, Padgett, and Boyce, 2000) and cats (Venco et al., 
2005). However, it has been proven to infect a wide variety of 
domestic animals, including dogs and cats, and wild animals 
(birds, reptiles, and amphibians) in North America, Europe, 
Asia, and Africa (Williams et al., 1975). Dogs can serve both 
as the intermediate and final host (Caruso et al., 2003). Al-
though the life cycle of Mesocestoides species is still under 
study (Barsanti, 1999; Padgett and Boyce, 2004), it is known 
that there are 2 intermediate hosts. The first stage, a cysticer-
coid, probably occurs in a coprophagous arthropod (first inter-
mediate host); the second stage, the tetrathyridium, infects am-
phibians, reptiles, birds, and mammals (second intermediate 
hosts) (Barsanti, 1999). However, the route of transmission for 
the peritoneal infections in dogs remains unknown (Crosbie et 
al., 1998). The Padgett and Boyce (2004) study supports the 
hypothesis that a second, as of yet unidentified, intermediate 
host is necessary to complete the life cycles of Mesocestoides 
spp. 
The tetrathyridial metacestodes and adult Mesocestoides spp. 
have a capacity for asexual multiplication by longitudinal scis-
sion of the scolex, producing a second tapeworm (Crosbie, Nad-
ler et al., 2000). This is the only genus of tapeworms in which 
this phenomenon has been reported, a process that results in 
massive infections in the hosts. The ability of Mesocestoides 
species to reproduce asexually in the definitive host enables the 
rapid proliferation of new organisms after initiation of the in-
fection (Schmidt and Todd, 1978). Tetrathyridia that replicate 
in the intestines may also penetrate the gut wall and proliferate 
in the peritoneal cavity, lungs, and liver, causing peritoneal ef-
fusion, with the development of pybgranulomatous peritonitis 
and adhesions in dog, and an intense necrotic and purulent in-
flammatory response in carnivores in general (Winters, 1981; 
Williams et al., 1985). Peritoneal infection with secondary scro-
tal invasion has been reported by Barsanti et al. (1979) and 
Zeman et al. (1988), leading to a fatal condition in dogs because 
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of the proliferation of metacestodes (Crosbie et al., 1998) re-
sulting in ascites and peritonitis (Caruso et al., 2003). 
Identification of Mesocestoides species based on morpholog-
ical characteristics is extremely difficult because of high levels 
of variability (Crosbie, Nadler et al., 2000), reduced host spec-
ificity, and wide geographic range (Padgett et al., 2005). How-
ever, the polymerase chain reaction (PCR) has been shown to 
be diagnostically sensitive (Crosbie, Nadler et al., 2000). Padg-
ett et al. (2005) identified 3 Mesocestoides strains (A, B, and 
C) as separate species, on the basis of a phylogenetic and mor-
phologic study. Clade A includes acephalic metacestodes and 
adult tapeworms from dogs and coyotes, respectively. Clade B 
is composed of tetrathyridia from dogs and western fence liz-
ards, and clade C is composed of adult tapeworms from dogs. 
The present work describes the cases of peritoneal and in-
testinal infections in 2 domestic dogs and a peritoneal infection 
in a domestic cat, caused by metacestode stages of Mesoces-
toides species in Tenerife (Canary Islands, Spain). To asses the 
subgeneric phylogenetic diversity of the recovered larval ces-
toda, the ITS-2 region was sequenced as described by Crosbie, 
Nadler et al. (2000). 
MATERIALS AND METHODS 
Two domestic dogs and a domestic cat with distended abdomens were 
referred to different veterinary clinics in Tenerife (Canary Islands, 
Spain) in 2004. The animals had daily access to rural habitats. Abdom-
inal ecographies, with an Aloka ecocardiograph SSD-725 system (To-
kyo, Japan), were carried out. Laparotomies were also undertaken in 
along the ventral medial line. Under anaesthesia, huge masses were 
extracted from the animals' abdominal cavities using the traditional 
electric cautery method. 
The cestode specimens were collected and processed for morpholog-
ical and molecular analysis. All material used for morphological study 
was preserved in 70% ethanol; for DNA extraction, material was pre-
served in 95% ethanol or frozen at -80 C. Morphological identification 
was carried out as previously described by Rausch (1994). In addition, 
proglottids of Mesocestoides litteratus from a red fox, Vulpes vulpes, 
from Lerida Province (Spain), were also studied using molecular meth-
ods to elucidate phylogenetic relationships between Mesocestoides spp. 
Genomic DNA was extracted from a whole larva, as was previously 
described by Mariaux (1998). ITS-2 fragments were amplified by PCR 
using the primers NC-6 (5' -ATCGACATCTTGAACGCACATTGC-3') 
and NC-2 (5'-TTAGTTTCTTTTCCTCCGCT-3') (Gasser and Chilton, 
1995; Crosbie et aI., 1998). The amplifications were carried out in a 
Perkin-Elmer GeneAmp 9600 thermocycler (Boston, Massachusetts) us-
ing 1.5 mM MgC12 buffer and the following cycling profile: 35 cycles 
at 94 C for 2 min, 50 C for 30 sec, 72 C for I min and 30 sec, with a 
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TABLE 1. DNA sequence data from Mesocestoides spp. obtained in this study. 
Host Location Species Stage Date ITS-2 
Tenerife 
Dog I Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ3l8888 
Tenerife 
Dog 1 Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ3l8889 
Tenerife 
Dog I Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318890 
Tenerife 
Dog I Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318891 
Tenerife 
Dog 2 Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318892 
Tenerife 
Dog 2 Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318893 
Tenerife 
Dog 2 Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318894 
Tenerife 
Cat Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318895 
Tenerife 
Cat Canary Island Mesocestoides sp. Tetrathyridia 2004 DQ318896 
Iberian Peninsula 
Red fox Sapin Mesocestoides litteratus Adult 2000 DQ318897 
Iberian Peninsula 
Red fox Sapin Mesocestoides litteratus Adult 2000 DQ318898 
final extension at 72 C for 5 min. The presence and size of fragments 
were detected on 1% agarose gels. Amplified DNA fragments were 
extracted from the gel and purified using Qiaex II gel extraction kit 
(ISO) (Qiagen, Hilden, Germany). 
The PCR products were cloned in the p-Gem T Easy (Promega, Mad-
ison, Wisconsin) vector and transformed into Escherichia coli XL I 
Blue competent cells (Stratagene, New York, New York), following the 
manufacturer's instructions. The plasmid purifications were carried out 
using QIAprep Spin Miniprep kit (Qiagen). 
Plasmids were sequenced using an ABI automatic sequencer (Siste-
mas Gen6micos, Valencia, Spain). Specific primers from the cloning 
vector (sp6 and T7) were used to sequence the ITS-2 region. 
To elucidate any homologies or similarities with previously deposited 
ITS-2 sequences in GenBank, a BLAST search (WUBLAST) was car-
ried out. The alignment was done for new sequences (Table I) and 
published sequences (Crosbie, Nadler et a!., 2000; Padgett et a!., 2005) 
using the multiple alignment program CLUSTAL X (Thompson et aI., 
1997); minor corrections were made by hand to increase aligned se-
quence similarity and improve inferences of positional homology. Tae-
nia crassiceps (DQ099564) was used as the outgroup. Positions corre-
sponding to regions of uncertain alignment were always excluded from 
the analysis. Aligned sequences were truncated so that terminal PCR 
primer sequences were not included in the analysis. 
Maximum parsimony (MP) and neighbor-joining distance (NJ) meth-
ods were used to estimate phylogenetic relationships, using PAUP* 4.0 
(Swofford, 2002) and Mega 2.1 software progtams (Kumar et a!., 2001), 
respectively. Heuristic searches with 1,000 replicates were used for MP 
with random stepwise addition, with unrecorded gaps treated as missing 
data. The NJ method was applied to corrected distances using the Ki-
mura 2-parameter model (Kimura, 1980) for nucleotide substitution. 
Relative support for clades was assessed by bootstrap resampling using 
1,000 replicate data sets. 
RESULTS 
Ecographs revealed several masses with different sizes in the 
peritoneal cavities of the 3 domestic animals and in the intestine 
of 1 of the dogs. Microscopic examination of aspirated tissue 
suspended in phosphate-buffered saline solution revealed motile 
strands of acoelomic tissue with calcareous corpuscles. Mor-
phological identification demonstrated the presence of numer-
ous metacestodes (tetrathyridia morphotypes). The tetrathyridia 
varied in length from I to 7 cm and possessed an invaginated, 
unarmed scolex with 4 suckers at the anterior end. Some par-
asites contained large homogeneous calcareous corpuscles in 
the matrix; the presence of the concentric rings characteristic 
of Mesocestoides species was not observed. 
Genomic DNA was extracted from 11 cestode samples; sam-
ples came from 2 dogs (7), from 1 cat (2), and from M. litter-
atus from red foxes (2). ITS-2 sequences were obtained and 
submitted to GenBank under the following accession numbers: 
DQ3 1 8888-DQ3 18894 for the Mesocestoides sp. obtained from 
the dogs, DQ318895 and DQ3l8896 for Mesocestoides sp. 
from the cat, and DQ3l8897 and DQ318898 for M. litteratus. 
After performing a BLAST search with the obtained se-
quences, high similarities with Mesocestoides spp. (GenBank 
AFl19708-AFl19697) from Canis familiaris from the USA 
were revealed. 
The final alignment of the ITS-2 sequences showed consid-
erable variation in length among the in-group terminals, ranging 
from 491 bp in DQ3l8895 (Mesocestoides sp. from cat), to 559 
bp in AF1l9707 and in AFl19708 (M. litteratus). 
To minimize areas of high or very low variation in the dataset 
and to maximize its informative content, gene sections from the 
studied specimens were selected. The ITS-2 sequences included 
in this analysis had 416 variable and 259 parsimony-informa-
tive characters. Parsimony analyses showed 192 most-parsi-
monious trees with length = 478 steps (consistency index = 
0.801, retention index = 0.931). 
The bootstrap consensus tree obtained by the MP method 
using ITS-2 sequences from Mesocestoides spp. and T. crassi-
ceps is shown in Figure 1. Both tree-building methods, i.e., MP 
and NJ methods, yielded similar results with 5 monophyletic 
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FIGURE 1. Phylogenetic relationship of Mesocestoides clades A, B, 
and C, samples form Tenerife (Canary Islands) and Mesocestoides lit-
teratus based on maximum parsimony using partial sequences of ITS-
2 gene, with Taenia crassiceps as outgroup. Number of branches rep-
resent bootstrap support (1,000) replicates (strict consensus of 192 trees, 
CI = 0.801, RI = 0.931). 
groups. Strong bootstrap results (87% and 65% for the MP and 
NJ methods, respectively) support the monophyly of clade A, 
which includes Mesocestoides sp. ob'tained from both coyotes 
(Canis latrans) and dogs; moreover, it includes a subclade or 
strain that is composed of AF119704-AF119705 (82% boot-
strap). Furthermore, bootstrap data strongly support the mono-
phyly (100%) of cladogram B, which includes a Mesocestoides 
sp. from dog, and this one as the sister group (87%, 93% boot-
strap) to the one composed of the 3 Mesocestoides vogae (pre-
viously Mesocestoides corti [Etges, 1991]) taxa. Within an up-
per cladogram, there is a strong bootstrap support for clades A 
and B as sister terminals (87% and 97% bootstrap, respective-
ly). 
Mesocestoides isolated from 2 dogs and a cat from Tenerife 
constitute a clearly monophyletic group that has a high boot-
strap support (100%). In contrast, M. litteratus from the red fox 
is more closely related to clade C from dogs of California with 
high bootstrap numbers (96% and 98%, respectively). Further-
more, the clade with samples from Tenerife and M. litteratus 
from Spain plus C are a sister groups with a high bootstrap 
numbers (62% and 86%, respectively). This cladogram is sep-
arated (100%) from the one formed by A and B; both of these 
large nodes are clearly separated from T. crassiceps, which was 
considered as the outgroup. 
Analysis of aligned ITS-2 sequences revealed sequence var-
iation, partitioned as apomorphies for each Mesocestoides spp. 
clade (clade A, n = 2; clade B, n = 1; clade C, n = 1; M. 
litteratus clade, n = 1; clade C plus M. litteratus clade, n = 5; 
clade of the Canary Islands samples, n = 6) (Table 11). These 
clade-specific sequences involved 10 transition and 6 transver-
sion substitutions. If the clade C plus M. litteratus is considered 
as a single species, 5 common apomorphies are represented 
(Table II). 
DISCUSSION 
Although dogs can serve as both the second intermediate and 
the definitive hosts for Mesocestoides sp. (Caruso et aI., 2003), 
in our study only the larval stage was observed (the animals 
served as second intermediate hosts). 
The development of a diagnostic method is, therefore, im-
portant to prevent this fatal disease. Mesocestoides species iden-
tification based on morphological characteristics is extremely 
difficult because of the high levels of variability as previously 
described (Crosbie, Nadler et aI., 2000). 
Metacestodes collected in the present study were identified 
as Mesocestoides sp. based on morphological characteristics 
that were confirmed by sequencing of the second internal tran-
scribed spacer region (ITS-2) of nuclear rDNA. This molecular 
test was proven to be diagnostically sensitive (Crosbie, Nadler 
et al., 2000). Previous studies of platyhelminth taxa have shown 
ITS-2 data to be useful for the characterization of taeniid ces-
tode species (Gasser and Chilton, 1995), being highly infor-
mative in the resolution of intraspecific relationships among 
digeneans (Adlard et al., 1993). Corsbie, Nadler et aI. (2000) 
observed that the ITS-2 region yielded more informative vari-
ation than did a similarly sized region within the 18S rDNA in 
different cestodes including Mesocestoides spp. The present 
study indicates that ITS-2 is a good genetic marker for the 
diagnosis of Mesocestoides spp. 
The ITS-2 region from different Mesocestoides spp. larvae 
from the Canary Islands carnivores and the M. litteratus adult 
form from Spanish red foxes were sequenced for the first time. 
These Mesocestoides spp. clades, A and B, are more similar to 
each other than to clade C, as previously reported by Crosbie, 
Nadler et aI. (2000), and Padgett et al. (2005). The Canary 
Islands clade and clade C plus M. litteratus from Spain also 
appear as sister groups and are more related to each other than 
to clade A or B. Moreover, Padgett et al. (2005), using ITS-2, 
mitochondrial rDNA (12S), and multivariate analysis of mor-
phological data, confirmed that Mesocestoides clades A, B, and 
C were clearly separate species, and that clade Band M. vogae 
were conspecific. 
It is interesting to note that M. litteratus from a European 
fox was more related to clade C, which includes sequences from 
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TABLE II. Diagnostic sequence data from Mesocestoides tapeworms, clades A, B, C, Mesocestoides litteratus, and Mesocestoides sp. from the 
Canary Islands (CI), in relation to Taenia crassiceps (out group). Apomorphies of T. crassiceps are not shown. Clade C and M. litteratus are 
considered both as separated and as a unique clade. 
Position of variable characters for ITS-2 
52 54 63 68 83 134 138 187 
Taenia crassiceps C C A A A A A G 
Clade A C C A A A A A G 
Clade B C C A A A A G G 
Clade C C T G A A A A A 
Mesocestoides litteratus C T A A A A A A 
CI Mesocestoides sp. A C A G G G A G 
Position of variable characters for ITS-2 
260 268 635 
Taenia crassiceps T G C 
Clade A T G T 
Clade B T G C 
Clade C C G C 
Mesocestoides litteratus C G C 
CI Mesocestoides sp. T C C 
adult parasites obtained from dogs in California. However, 
based on the common apomorphies observed between them 
(Padgett et aI., 2005), they may be the same species. 
Based on apomorphies and previous observations by Padgett 
et al. (2005), it was shown that Mesocestoides sp. from the 
Canary Islands does not belong to clade A, B, or C. However, 
if, as observed by Padgett et a1. (2005), clades A, B, and C, 
are different species, then the clade formed by the Canary Is-
land samples may be also a different taxonomic group, but one 
that is more related to the species included in clade C (Fig. 1). 
However, further studies are needed to determine if these are 
indeed separate species. 
Mesocestoides spp. have been reported from the Iberian Pen-
insula (Spain) in carnivore hosts such as the red fox, V. vulpes 
(Segovia et al., 2004); the wolf, Canis lupus (Segovia et aI., 
2001); and the Iberian lynx, Lynx paradinus (Torres et aI., 
1998). This parasite also has been isolated in other Europe~ 
countries, i.e., from the red fox in Hungary (Andras, 2001), 
Poland (Balicka-Ramisz et al., 2003; Pacon et aI., 2006), and 
Denmark (Saeed et al., 2006), and from domestic dogs in Italy 
(Bonfanti et aI., 2004). However, this is the first time that Me-
socestoides larvae have been reported from domestic animals 
in Tenerife, Canary Islands. • , 
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FURTHER STUDY OF CONTRA CAECUM PELAGICUM (NEMATODA: ANISAKIDAE) IN 
SPHENISCUS MAGELLANICUS (AVES: SPHENISCIDAE) FROM ARGENTINEAN COASTS 
Lucas E. Garbin, Graciela T. Navone, Julia I. Diaz, and Florencia Cremonte* 
Centro de Estudios Parasitol6gicos y de Vectores (CONICET-UNLP), Calle 2 #584, 1900 La Plata, Argentina. e-mail: Igarbin@cepave.edu.ar 
ABSTRACT: The anisakid species Contracaecum pelagicum Johnston and Mawson, 1942, is reported for first time at 2 different 
sites on the Argentine coast (Peninsula Valdes, 42°04'S, 63°38'W and Mar del Plata, 38°05'S, 57°38'W), parasitizing the Ma-
gellanic penguin, Spheniscus magellanicus Foster. Morphometric analysis and further studies of adult specimens of C. pelagicum 
were done using light and scanning electron microscopy. The presence of bifurcated interlabia differentiates the present species 
from most others in the genus, except (1) from Contracaecum travassosi, which possesses higher interlabia and longer spicules, 
and a blunt, more constrained tail; (2) from Contracaecum rudolphii, which has longer spicules, blunter spicule tips, postpara-
cloacal papillae with oblique disposition, and a blunter constrained tail; (3) from Contracaecum eudyptulae, which has a blunter 
tail and longer spicules; and (4) from Contracaecum variegatum, which possesses smaller-diameter, hooklike extensions on auricle 
lips, and a less robust interlabium with a more marked furrow. In this paper we present the first detailed description of C. 
pelagicum adults from S. magellanicus. Morphometric data between adult specimens of C. pelagicum from S. magellanicus and 
those from the black-browed albatross, Diomedea melanophris Temminck, from Argentinean coasts were compared. In addition, 
fourth-stage larvae that parasitized both hosts were assigned to a nondeterminated Contracaecum species. Ecological parameters 
for adults and larvae nematodes were calculated. 
Anisakid nematodes have a worldwide distribution and are 
associated with fishes, birds, and marine mammals. Transmis-
sion of species usually involves aquatic invertebrates and fish 
as intermediate or paratenic hosts (Anderson, 2000). Species of 
Contracaecum Raillet and Henry, 1912, belong to the Anisak-
inae. The definitive hosts are piscivorous birds and mammals, 
e.g., cormorants, pelicans, and seals, associated with freshwater, 
brackish, and marine systems (Anderson, 2000). 
The Magellan penguin Spheniscus magellanicus Forster 
(Sphenisciformes: Spheniscidae) has a wide breeding distribu-
tion in South America (Yorio et aI., 2001) and can be found 
occasionally, or accidentally, in Australia, New Zealand, and 
South Atlantic islands (Vanegas, 1999). It is one of the most 
abundant marine birds on the Argentine coast; more than 
220,000 couples breed along the northern coast of the San Jorge 
Gulf (46°02'S, 67°03'W) (Scolaro and Badano, 1986; Scolaro, 
1987; Yorio et al., 2001). Adults arrive at the nest sites to breed 
in September, and after a period of burrow excavation and nest 
repair, they begin to lay eggs around mid-October. The colony 
abruptly grows with the offspring, and the l-yr-old chicks ex-
tend their marine life to molt on coasts (Scolaro, 1987). • 
Contracaecum pelagicum Johnston and Mawson, 1942, was 
described for first time from the black-browed albatross (Di-
omedea melanophris Temminck) (Procellariformes: Diomedei-
dae) in Australia (Johnston and Mawson, 1942). Later Lent and 
Freitas (1948) redescribed the species from the same host on 
the Uruguayan coast, and Portes-Santos (1984) and Fagerholm 
et aI. (1996) reported the species parasiJ:~ing S. magellanicus 
from Brazilian and South African Atlantic coasts, respectively. 
Recently Silva et aI. (2005) reported the occurrence of C. pe-
lagicum in Sula leucogaster (Pe1ecaniformes: Sulidae). 
There are a couple of records of Contracaecum spp. in Ar-
gentina: Contracaecum microcephalum (Rudolphi, 1809) was 
cited from the freshwater bird Casmerodius albus egretta (Lin-
naeus) (Ciconiiformes: Ardeidae) in Tucuman province 
(Schuurmans-Sterkhoven, 1951); and Contracaecum longicae-
Received 21 February 2006; revised 3 August 2006, 16 August 2006; 
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cum Schuurmans-Sterkhoven, 1951, was found in the fresh-
water fish Platystoma sp. (Siluriformes: Pimelodidae) in the Pa-
rana River, Santa Fe province (Schuurmans-Stekhoven, 1951). 
This latter species was regarded as a species inquirenda by Na-
vone et aI. (2000) because its description was based entirely on 
larval specimens. Boero et ai. (1972) found C. microcephalum 
parasitizing species of Ardeidae, i.e., Ardea cocoi Linnaeus, 
Nicticorax nicticorax (Gmelin), and C. albus egretta, from 
Buenos Aires province. Contracaecum multipapillatum (von 
Drasche, 1882) was reported in other ardeid birds also in Bue-
nos Aires province (Labriola and Suriano, 1996; Navone et aI., 
2000). Malacalza et al. (1998) reported Contracaecum sp. in 
the same bird from Chubut province, Argentina. Contracaecum 
spheniscus Boero and Led, 1970, was described on the base of 
a single male specimen found in a Magellan penguin from La 
Plata's zoo, Buenos Aires province, Argentina (Boero and Led, 
1970). In marine mammals, Titni et al. (2003) reported the oc-
currence of Contracaecum ogmorhini s. s. Johnston and Maw-
son, 1941, in Arctocephalus australis (Zimmermann, 1783) 
(Otariidae) from the Argentine Sea and discussed the taxonomic 
status between this species and Contracaecum corderoi Lent 
and Freitas, 1948, collected from the same host. Several authors 
demonstrated the existence of different sibling species within 
morphospecies belonging to Contracaecum using different ge-
netic-molecular methodologies (Nascetti et aI., 1993; Mattiucci 
et aI., 1998). Mattiucci et ai. (2003) demonstrated the existence 
of 2 distinct sibling species within the morphospecies C. og-
morhini (s.I.) from boreal and austral regions due to a remark-
able genetic heterogeneity. Li et ai. (2005) concluded that Con-
tracaecum rudolphii (Hartwich, 1964) represents a complex of 
at least 2 sibling species and provided support for the validity 
of Contracaecum septentrionale Kreis, 1955, as a separate spe-
cies. 
Contracaecum spp. larval stages were reported by Torres et 
al. (1993), Kreiter and Semenas (1997) from Patagonian lakes, 
and Diaz (pers. comm.) in Larus dominicanus Lichtenstein 
(Laridae) from the Atlantic coast. Moreover, Timi et aI. (2001) 
found third-stage larvae of Contracaecum sp. parasitizing the 
marine fish Engraulis anchoita Hubbs and Marini (Engrauli-
dae). Moravec (1998) described Contracaecum sp. third-stage 
• 
TABLE 1. Morphometrical data of Contracaecum pelagicum from host species D. melanophris and S. magellanicus from Argentina. 
Johnston and Lent and Freitas Portes-Santos Fagerholm et aL 
Mawson (1942) (1948) (1984) (1996) 
D. melanophris D. melanophris S. magellanicus S. magellanicus 
New South Wales, Maldonado coast, Guanavara Bay, Rio South Atlantic Afri-
Morphological feature Australia Uruguay de Janeiro, Brazil can coast 
Male (n) 7 3 2 
Body length 30-33 25.12-28.81 31.03-31.77 20.10-23.0 
Maximum body width 0.80-0.90 0.53-0.55 0.40-0.41 
Anterior end to nerve ring 0.50-0.53 0.55-0.75 0.86-0.88 
Anterior end to deirids 0.61-0.70 0.60-0.86 0.66-0.65 
Esophagus length 2.61-3.40 2.88-3.55 3.47-3.95 2.28-2.94 
Intestinal caecum length 1.74-2.26 2.10-2.68 2.11-3.08 1.80-2.30 
Ventriculus length 0.23-0.25 0.16-0.17 
Ventricular appendix length 0.53-0.69 0.67-0.91 0.64-0.95 0.63-0.66 
Spicule length 5.23 4.32-4.48 4.10-4.75 4.25-4.45 
Tail length 0.18 0.20-0.23 0.09-0.22 0.14 
Precloacal papillae pairs Numerous 25 28-31 
Postcloacal papillae pairs 6 7 7 
Paracloacal papillae pairs 2 2 2 2 
Subventral distal papillae pairs 2 2 2 2 
Lateral distal papillae pairs 2 2 2 2 
Median papillae 
Female (n) 4 11 
Body length 35-38 31.15-36.01 40.96-52.53 26.10 
Maximum body width 1.07-1.14 0.69-0.75 0.85 
Anterior end to nerve ring 0.55-0.61 0.47-0.56 0.54 
Anterior end to deirids 0.66-0.83 0.58-0.95 0.60 
Esophagus length 2.98-3.52 2.99-3.77 2.96 
Intestinal caecum length 2.18-2.85 2.34-3.90 2.23 
Ventriculus length 0.25-0.31 0.21 
Ventricular appendix length 0.63-0.76 0.39-0.76 0.68 
Anterior end to vulva 11.66-12.66 6.70-12 7.91-15.12 8.41 
Tail length 0.32 0.33-0.43 0.27-0.61 0.41 
Embrionated egg 0.040-0.0501 0.05010.067 0.05-0.06 0.06-0.068 
0.070-0.080 
Present study 
D. melanophris 
Fracasso Beach Pen-
insula Valdes 
4 
22.18 (20.44-25.52) 
0.75 (0.55-0.90) 
0.48 (0.38-0.61) 
0.61 (0.53-0.69) 
2.88 (2.36-3.88) 
2.23 (1.88-2.98) 
0.21 (0.18-0.23) 
0.64 (0.59-0.80) 
4.87 (4.81-4.90) 
0.16 (0.12-0.20) 
30-31 
7 
2 
2 
2 
4 
35.33 (32.60-39.20) 
0.82 (0.79-0.85) 
0.57 (0.51-0.61) 
0.64 (0.58-0.71) 
3.74 (3.22-4.60) 
2.73 (2.28-3.20) 
0.21 (0.16-0.26) 
0.86 (0.79-0.91) 
9.75 (8.20-11.90) 
0.36 (0.31-0.43) 
0.064 
(0.062-0.066) 
Present study 
S. magellanicus 
Ea. San Lorenzo, 
Punta Norte Penin-
ula Valdes 
10 
17.56 (11.00-25.08) 
0.67 (0.56-0.96) 
0.46 (0.36-0.51) 
0.65 (0.57-0.73) 
2.78 (1.90-3.97) 
1.97 (1.56-2.68) 
0.22 (0.16-0.26) 
0.74 (0.63-0.83) 
4.10 (3.07-5.07) 
0.18 (0.11-0.29) 
25-31 
7 
2 
2 
2 
10 
24.17 (17.56-33.05) 
0.94 (0.52-1.48) 
0.55 (0.48-0.65) 
0.72 (0.62-0.90) 
3.03 (2.81-3.32) 
2.38 (2.10-2.74) 
0.22 (0.17-0.26) 
0.72 (0.65-0.82) 
6.94 (5.28-9.23) 
0.41 (0.30-0.63) 
0.060 
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FIGURE 1. Contracaecum pelagicum Johnston and Mawson, 1942, 
from S. magellanicus from Peninsula Valdes. Adult: anterior end, nerve 
ring, excretory duct, esophagus, intestinal caecum, ventriculus, ventric-
ular appendix, and deirids (arrow). 
larvae, named as Type 2, that parasitized several freshwater fish 
species from the Parana River basin, Argentina. 
The aim of the present paper is to describe adults of C. pe-
lagicum and fourth-stage larvae of Contracaecum sp. parasit-
izing S. magellanicus from Peninsula Valdes. Measurements be-
longing to adult specimens are compared with those of C. pe-
lagicum adults that parasitize D. melanophris in Peninsula Val-
des. Measurements of the specimens in the present study are 
compared to those given by previous authors. Fourth-stage lar-
vae parasitizing Peninsula Valdes penguins are also compared 
with those found in Mar del Plata penguins. Morphological qe-
tails seen in the scanning electron microscope (SEM) and data 
of prevalence, mean intensity, and abundance are provided. 
MATERIAL AND METHODS 
At irregular intervals from September 1996 to May 2002, 20 morbid 
or dead Magellan penguins were collected along the coast of Peninsula 
Valdes, Chubut province (42°04'-42°53'S, 6;~38'-64°30'W), and 4 ad-
ditional specimens were collected from Mar del Plata coast, Buenos 
Aires province (38°05'S, 57°38'W), Argentina. In addition, from May 
2000 to April 2002, 3 dead black-browed albatrosses were collected in 
Peninsula Valdes. Only the esophagus and stomach were examined on 
Mar del Plata penguins and Peninsula Valdes albatrosses. All dead birds 
were in good condition. Birds were dissected and the digestive tract 
fixed in 10% formalin. In the laboratory the viscera were examined 
under a stereomicroscope, and nematodes were removed and stored in 
70% alcohol. Twenty adult and 20 larval nematodes from S. magellan-
icus and 20 adult nematodes from D. melanophris were cleared in lac-
tophenol and studied using light microscopy. Drawings were made with 
the aid of a drawing tube. Some specimens were dried by the critical 
point method and observed using scanning electron microscopy (JEOL! 
JSMT 6360 LV® from the Museo de La Plata, La Plata, Buenos Aires, 
Argentina) and photographed. Average measurements are expressed in 
millimeters with the range in parentheses. Spatial location of papillae 
was named according to Fagerholm (1990). Morphometric means for 
C. pelagicum adults from S. magellanicus and D. melanophris from 
Peninsula Valdes and fourth-stage larvae from both sampling sites were 
analyzed with a I-way ANOV A, with significant difference values P < 
0.05. Those fourth-stage larvae from Mar del Plata were compared with 
the third-stage larvae of Contracaecum sp. studied by Timi et al. (2001). 
Prevalence was calculated for nematodes of S. magellanicus from both 
sampling sites and D. melanophris from Peninsula Valdes. Mean inten-
sity and abundance only for S. magellanicus are given according to 
Bush et al. (1997). 
REDESCRIPTION 
Contracaecum pe/agicum Johnston and Mawson, 1942 
Adult (20 specimens from S. magellanicus from Peninsula Valdes, 
Table I, Figs. 1-8): Body entirely transversally striated (Figs. 1, 3, 6). 
Conspicuous cephalic collar with concentric anteriorly directed free 
edges and V-shaped lateral region without striations (Figs. 2,4). Three 
bifurcated interlabia (Figs. 2, 4, 5). Lips longer than interlabia with 3 
apical notches, central one deeper and larger than lateral ones (Figs. 2, 
4). Lips with 2 auricles, each with lateral directed pointed processes on 
anterior corners, both with 2 sensory pits at external end (Figs. 2, 4, 5). 
Large double-lip papillae, 2 on the dorsal lip and 1 on each ventrolateral 
lip (Figs. 2, 4). Rounded amphids located on ventrolateral lips (Fig. 2). 
Deirids nonconspicuous and rounded shape (Figs. 1, 3, see arrows). 
Ventriculus with solid posterior appendix, intestinal caecum well de-
veloped, longer than ventricular appendix (Fig. 1). 
Male (10 specimens from S. magellanicus from Peninsula Valdes): 
Body length 17.56 (11.00-25.08). Maximum body width 0.67 (0.56-
0.96). Distance from anterior end to nerve ring 0.46 (0.36--0.51) and to 
deirids 0.65 (0.57-0.73). Esophagus length 2.78 (1.90-3.97); intestinal 
caecum length 1.97 (1.56-2.68); ventriculus length 0.22 (0.16-0.26); 
ventricular appendix length 0.74 (0.63-0.83). Spicules of equal length 
4.10 (3.07-5.07). Tail length 0.18 (0.11-0.29). Caudal extremity coni-
cal, bearing 25-31 pairs of subventral precloacal papillae, first 18 prox-
imal pairs conspicuous. Pts zone including 3 pairs of precloacal papillae 
(Fig. 6). Seven pairs of postcloacal papillae: 2 large subventral post-
paracloacal pairs situated side by side, 2 subventral pairs, 2 sublateral 
pairs, and 1 pair of phasmids placed closer to the more distal sublateral 
papilla (Fig. 6). Spicule distal tip extended and pointed; length of free 
distal end longer than spicule width (0.063 vs. 0.020) (Figs. 7, 8). Spic-
ule wings slope distally toward shaft and insert at different points (Fig. 
7, arrow). 
Female (10 specimens from S. magellanicusfrom Peninsula Valdes): 
Body length 24.17 (17.56-33.05). Maximum body width 0.94 (0.52-
1.48). Distance from anterior end to nerve ring 0.55 (0.48-0.65) and to 
deirids 0.72 (0.62-0.90). Esophagus length 3.03 (2.81-3.32); intestinal 
caecum length 2.38 (2.10-2.74); ventriculus length 0.22 (0.17-0.26); 
ventricular appendix length 0.72 (0.65-0.82). Vulva in anterior half of 
body, distanced 6.94 (5.28-9.23) from anterior end. Embrionated egg 
0.06 (0.057-0.064) in diameter. Tail length 0.41 (0.30-0.63). 
Taxonomic summary 
Hosts: Diomedea melanophris Temrninck (Diomedeidae), Spheniscus 
magellanicus Foster (Spheniscidae). 
Localities: Peninsula Valdes (42°04'-42°53'S, 63°38'-64°30'W), 
Chubut province and Mar del Plata (38°05'S, 57°38'W), Buenos Aires 
province, Argentina. 
Infection sites: Stomach. 
Prevalence: 40% from S. magellanicus from Peninsula Valdes (n = 
20), 100% from S. magellanicus from Mar del Plata (n = 4), and 100% 
from D. melanophris from Peninsula Valdes (n = 3). 
Mean intensity: 149 from S. magellanicus from Peninsula Valdes. 
Abundance: 60 from S. magellanicus from Peninsula Valdes. 
Voucher specimens deposited: Helminthological Collection of Museo 
de La Plata (5591 CHMLP), La Plata, Buenos Aires, Argentina. 
Remarks 
From Contracaecum species found in sea mammals, i.e., C. ogmo-
rhini and Contracaecum margolisi Mattiucci et aI., 2003, are very sim-
ilar to C. pelagicum with respect to the spatial distribution of tail pa-
pillae, even though they do not show bifid interlabia and their spicules 
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FIGURES 2-8. COlll rCIcaecLlIII pelag iclIlIl Johnston and Mawson, 1942, from SphelliscLis magel/alliclls from Penfnsula Valdes. Adult : (2) deta il 
of the anterior end, apical view; (3) ante rior end, lateroventral view, cepha lic collar, and de irids (arrow); (4) anterio r end, cephalic collar with V-
haped striations, excretory po re, lips, interl abia, cepha lic lip papillae, auric les, and notches; (5) details of interlabium and excreto ry po re; (6) 
male cauda l ex tremity, detail o f the precloaca l and postc loaca l papillae: a \ -a2 subventra l papillae, a3-a4 sublate ral papillae, b post paracloaca I 
papilla pair, d prox imal prec loaca l papillae, p phasmid; (7) apical ventra l view of spicule; (8) dorsal view of spicule. 
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TABLE II. Morphometrical and ANOV A test data of Contracaecum sp. fourth-stage larvae in S. magellanicus from both Peninsula Valdes and 
Mar del Plata sampling sites. 
Morphological feature Peninsula Valdes Mar del Plata Probability 
Body length 6.40 (4.52-7.84) 5.23 (3.77-6.68) 0.014 
Maximum body width 0.20 (0.16-0.24) 0.20 (0.12-0.27) 0.943 
Anterior end to nerve ring 0.24 (0.08-0.33) 0.24 (0.17-0.28) 0.959 
Anterior end to deirids 0.29 (0.21-0.38) 0.33 (0.22-0.43) 0.385 
Tail length 0.14 (0.12-0.16) 0.13 (0.10-0.16) 0.418 
Esophagus length 0.99 (0.74-1.26) 1.08 (0.76-1.38) 0.229 
Intestinal caecum length 0.56 (0.41-0.70) 0.74 (0.50-0.94) 0.011 
Ventricular appendix length 0.41 (0.30-0.67) 0.34 (0.22-0.43) 0.374 
Ventriculus + ventricular appendix length 0.43 (0.36-0.64) 0.42 (0.28-0.51) 0.745 
Posterior end to excretory gland 5.03 (4.01-5.47) 3.64 (2.80-4.60) 0.003 
are longer (Mattiucci et aI., 2003). Contracaecum osculatum (Rudolphi, 
1802), Contracaecum mirounga Nikolskii, 1974, and Contracaecum ra-
diatum (Lin stow, 1907), all have nonbifurcated interlabia, double par-
acloacal papillae pairs, and 2 precloacal papillae rows (Baylis, 1936; 
Fagerholm, 1988; Fagerholm et aI., 1996). 
From the Contracaecum species reported to date parasitizing sea-
birds, C. magnipapillatum (=Contracaecum magnicollare, Johnston and 
Mawson, 1941) from Anous minutus Chapin (Laridae) and C. septen-
trionale from Phalacrocorax aristotelis, share almost all morphological 
features, such as the spatial papillae distribution pattern, but lack bifur-
cated interlabia (Johnston and Mawson, 1941; Kreis, 1955; Hartwich, 
1964; Fagerholm et aI., 1996). In contrast, C. multipapillatum from 
Egretta alba (Gmelin) (Ardeidae), Contracaecum heardi Mawson, 
1953, from Pygoscelis papua Forster (Spheniscidae), and Contracaecum 
eudyptes Johnston and Mawson, 1953, from Eudyptes sp. (Sphenisci-
dae), can be distinguished from C. pelagicum in having nonbifurcated 
interlabia, a double paracloacal papillae pair, and 2 proximal precloacal 
papillae rows close to the cloaca region (Mawson, 1953; Portes-Santos, 
1984; Navone et a!., 2000). Contracaecum spheniscus, also with non-
bifurcated interlabia, has smaller number of pre- and postcloacal papil-
lae, and a shorter ventricular appendix than C. pelagicum (Boero and 
Led, 1970). 
Contracaecum travassosi Gutierrez, 1943, from Phalacrocorax al-
biventer Lesson (Phalacrocoracidae), C. rudolphii from Phalacrocorax 
carbo Linnaeus, Contracaecum eudyptulae Johnston and Mawson, 
1944, parasitizing Eudyptula minor (Forster) (Spheniscidae), and Con-
tracaecum variegatum Rudolphi, 1809, from Colymbus septentrionalis 
(=Gavia stellata) (Pontoppidan) (Gaviidae), have bifurcated interlabia 
and are very similar to C. pelagicum (Gutierrez, 1943; Johnston and 
Mawson, 1944; Hartwich, 1964; Fagerholm et aI., 1996). However, the 
male of C. travassosi possesses interlabia as high as the lips, a wider-
at-base with less noticeable furrow, and longer spicules (7.7-11.1 vs. 
3.07-5.07 mm) and, therefore, a smaller body length-spicule length 
ratio (2.1-2.3 vs. 3.4-5.1). The tail of C. travassosi is more blunt and 
constrained at the level of subventral and sublateral papillae (Gutierrez, 
1943). Contracaecum rudolphii has longer spicules (4.1-10.0 vs. 3.07-
5.07 mm) and a smaller body-spicule length ratio (2.7-3.4 vs. 3.4-5.1), 
more blunt spicule tips, and smaller postparacloacal papillae with 
oblique disposition. Moreover, the tail of C. rudolphii is also more blunt 
and with a distal constriction (Hartwich, 1964; Barns et aI., 2000; Abol-
10 et aI., 2001). Contracaecum eudyptulae has a blunter tail, paracloacal 
papillae with oblique disposition, fewer precloacal papillae pairs, and a 
smaller body-spicule length ratio (1.70-2.80 vs. 3.41-5.10) (Johnston 
and Mawson, 1944). Contracaecum variegatum possesses hooklike ex-
tensions on auricle lips, less robust interlabium with a more marked 
furrow, and greater number of precloacal papillae pairs (29-46 vs. 25-
31). Moreover, C. variegatum has larger body length-width ratio (2Y.l-
55.0 vs. 17.7-30.5 in males; 34.0-98.7 vs. 19.0-33.8 in females) (Hart-
wich, 1964; Fagerholm et a!., 1996). 
The ANOV A tests corroborated that there were no significant differ-
ences (P < 0.05) in morphologic features among those specimens from 
S. magellanicus and D. melanophris from PenInsula Valdes studied 
here. 
Contracaecum sp. 
Fourth-stage larvae (IA) (20 specimens from S. magellanicus from 
PenInsula Valdes, Table II, Figs. 9-13): Cuticle transversally striated 
especially marked at anterior extremity forming a developed cephalic 
collar with V-shaped lateral region without striations (Figs. 10, 11). Oral 
opening with 3 well-developed lips, with small winglike processes on 
their anterior corners (Figs. 10, 11). Dorsal lip bearing 2 internal pa-
pillae and 2 cephalic papillae. Each ventrolateral lip shows single in-
ternal papilla, double cephallic papilla, and an amphid (Figs. 10, 11). 
Excretory gland well developed, located posterior to ventricular appen-
dix, close to nucleus (Fig. 9). Deirids nonconspicuous located just pos-
terior to nerve ring (Figs. 9, 12, see arrows). Ventriculus small and 
subspherical. Intestinal caecum dorsal to esophagus, longer than ven-
TABLE III. Morphometrical data on Contracaecum sp. third-stage larvae from E. anchoita (Pisces: Engraulidae) compared to fourth-stage larvae 
from S. magellanicus, both from Mar del Pl'!,t';l, Argentina. 
Morphological feature 
Body length 
Maximum body width 
Anterior end to nerve ring 
Anterior end to deirids 
Tail length 
Esophagus length 
Intestinal caecum length 
Ventricular appendix length 
Ventriculus + ventricular appendix length 
Posterior end to excretory gland 
Third-stage larvae 
(Timi et a!., 200 I) 
5.01 (4.06-5.82) 
0.19 (0.16-0.24) 
0.20 (0.16-0.24) 
0.29 (0.24-0.34) 
0.10 (0.09-0.13) 
0.50 (0.40-0.63) 
0.26 (0.21-0.34) 
0.36 (0.30-0.43) 
0.69 (0.39-0.96) 
Fourth-stage larvae 
(Present study) 
5.23 (3.77-6.68) 
0.20 (0.12"':'0.27) 
0.24 (0.17-0.28) 
0.33 (0.22-0.43) 
0.13 (0.10-0.16) 
1.08 (0.76-1.38) 
0.74 (0.50-0.94) 
0.34 (0.22-0.43) 
0.42 (0.28-0.51) 
3.64 (2.80-4.60) 
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FIGURE 9. Contracaecum sp. Johnston and Mawson, 1942, from S. 
magellanicus from PenInsula Valdes. Fourth-stage larvae (L4): anterior 
end, excretory gland, esophagus, intestinal caecum, ventriculus, ven-
tricular appendix, and deirids (arrow). 
tricular appendix (Fig. 9). Tail conical, without spike (Fig. 13). Phas-
mids well developed (Fig. 13, see arrow). 
Taxonomic summary 
Infection sites: Esophagus, stomach, and intestine. 
Prevalence: 100% from S. magellanicus from PenInsula Valdes (n = 
20); 100% from S. magellanicus Mar del Plata (n = 4), and 100% from 
D. melanophris Peninsula Valdes (n = 3). 
Mean intensity: 283 from S. magellanicus from Peninsula Valdes. 
Abundance: 283 from S. magellanicus from Peninsula Valdes. 
Voucher specimens deposited: Helminthological Collection of Museo 
de La Plata (5592 CHMLP), La Plata, Buenos Aires, Argentina. 
Remarks 
The presence of intestinal caecum and ventricular appendix allows 
for the inclusion of these specimens with other species of Contracae-
cum. The lips are well developed, but interlabia are lacking, which 
usually characterize fourth-stage larvae (Berland, 1989; Fagerholm, 
1990; Fagerholm et aI., 1996). To date, there are few descriptions of 
Contracecum fourth-stage larvae. The present specimens of Contracae-
cum sp. seem to be very similar to those of C. magnipapillatum found 
by Fagerholm et al. (1996) in A. minutus. However, the winglike ex-
panded auricles are larger in the former specimens. Fourth-stage larvae 
measurements of C. rudolphii are also very similar to those studied 
here, but they possess interlabium, which is a feature not usually present 
in fourth-stage larvae (Barus et a!., 2000); perhaps these specimens 
might belong to a juvenile stage. Contracaecum osculatum fourth-stage 
larvae do not have auricle expansions, which differentiate them from 
the fourth-stage larvae specimens found in S. magellanicus (Fagerholm, 
1988). • , 
DISCUSSION 
The present adult specimens of C. pelagicum fully agree with 
the morphology and measurements given by previous authors 
(Table I). However, the body length is almost half the length as 
reported by Johnson and Mawson (1942) in D. melanophris and 
Portes-Santos (1984) in S. magellanicus. Deirids are located 
posterior to the nerve ring level as mentioned by other authors; 
however, Johnson and Mawson (1942) did not observe this fea-
ture, while Fagerholm et al. (1996), observed it ahead of the 
nerve ring. Fagerholm et aL (1996) pointed out the presence of 
a single papilla on the anterior cloaca edge of C. pelagicum 
male specimens. However, they did not study the specimens 
under SEM to corroborate its presence. Actually, the specimens 
examined here do not have a papilla, but do exhibit a lens-
shaped plaque as described by Hugot et aL (1991) for Contra-
caecum magnicollare, a junior synonym of C. magnipapillatum 
(Fagerholm et aI., 1996). 
Contracaecum pelagicum from S. magellanicus from both 
sampling sites, i.e., Peninsula Valdes and Mar del Plata, and 
those from D. melanophris from Peninsula Valdes possess 25-
31 pairs of precloacal papillae, a similar number to that reported 
by Portes-Santos (1984) (Table I). However, the caudal papillae 
number in a given species can vary both in a single population 
and from different regions of the world (Fagerholm, 1989). 
Contracaecum pelagicum can be distinguished from most 
Contracaecum species even though it has a great similarity with 
C. variegatum, which was described from Colymbus septen-
trionalis in the Northern Hemisphere (Hartwich, 1964). Later, 
C. variegatum was reported from Spheniscus demersus (Lin-
naeus, 1758) from South Africa, and Pygoscelis papua Forster, 
1781 (Spheniscidae) from the Falkland Islands (Fagerholm et 
aI., 1996). Although C. pelagicum and C. variegatum are dif-
ferentiated by several morphological features, genetic-molecu-
lar analysis should be carried out to clarify the taxonomic status 
of these 2 species. 
The fourth-stage larvae (L4) from Peninsula Valdes and Mar 
del Plata showed significant differences in a few morphological 
features, i.e., the body length, intestinal caecum length, and 
distance from the excretory gland to the caudal end. These mor-
phometric differences between larvae from both sampled sites 
could be explained by the different degree of development they 
reach after entering the definitive host, or by the influence of 
the intermediate or paratenic host on their development, or both 
(Anderson, 2000). It cannot be assured that these L4 found in 
S. magellanicus belong to C. pelagicum, since their morpho-
logic diagnostic features are insufficient to recognize them at 
the species level. Moreover, they could belong to other Contra-
caecum species that infect other marine hosts in the study area 
not identified to date. 
The reduction in the observed prevalence and intensity val-
ues in C. pelagicum adults of S. magellanicus from Peninsula 
Valdes, compared with the same parameters in larval stages, 
may indicate that not all larvae found in penguins were able to 
develop in this host. 
Timi et al. (200 I) reported third-stage larvae (L3) of Con-
tracaecum sp. in the anchovy E. anchoita from Mar del Plata. 
This fish is one of the major prey items of the Magellan penguin 
and is distributed over the continental shelf from about 23°S to 
45°S (Gosztonyi, 1984; Scolaro et aI., 1999; Putz et aI., 2000). 
Comparing the relative development of L3 reported by Timi et 
aL (2001), and L4 from the present study from Mar del Plata, 
the body length did not exhibit differences. The specimens stud-
ied here showed an intestinal caecum longer than the ventricular 
appendix, whereas Timi et aL (2001) observed the opposite in 
the L3 of Contracaecum sp. from E. anchoita. In addition, the 
conspicuous development of the esophagus, which is twice the 
size in L4, has been observed. Perhaps there is a proportional 
development between the esophagus and intestinal caecum in 
this ontogenetic stage. A marked difference between these 2 
larval stages is shown in the distance from the excretory gland 
to the caudal end that is larger in L4 (Table III). Considering 
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FIGURES 10- 13. COllIracaecu/Il pelagicum Johnston and M awson, 1942, from S. magellallicus from Penfnsula Valdes. Fourth-stage larvae 
(L4): ( 10) anterior end, lateral view, buccal opening, cephalic collar, well-developed lips with small winglike auricles; (11) anterior end, apical 
view; ( 12) anterior ex tremity, deirid location (arrow); (13) posterior ~xtremity, phasmids (arrow), and striation 
the trophic relation hip between the penguin and anchovy, it is 
possible that these L3 may belong to the same Conlracaecum 
pecies. However, this question can not be answered yet since 
other Contracaecum specie may occur in the anchovy, i.e. , C. 
ogmorhini, C. osculatum, and C. miroUflca, which also parasit-
ize marine mammal inhabiting the tudied area (Mattiucci et 
aI. , 2003). Studies of genetic-molecu lar analy is and experi-
mental life cyc le will eventuall y help to assign these larvae to 
a correct pecies. 
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A NEW DICROCOELIID FROM THE BANK VOLE CLETHRIONOMYS GLAREOLUS 
(RODENTIA: MICROTIDAE) FROM POLAND 
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ABSTRACT: A new dicrocoeliid trematode, Brachylecithum glareoli n. sp., is described from the biliary ducts of the bank vole, 
Clethrionomys glareolus, in southwest Poland. This is the first dicrocoeliid species described in rodents from Poland. It is 
characterized mainly by the maximum body width at the level of the vitellaria; large, longitudinally oval testes; round, or 
transversely oval, ovary that is smaller than the testes; vitellaria located in the midbody; cirrus sac dorsally overlapping ventral 
sucker, but never reaching beyond half of its length; and large, distinctly elongated eggs. 
Brachylecithum Shtrom, 1940, one of the more numerous 
genera of Dicrocoeliidae, includes over 90 species of mainly 
avian parasites (Panin, 1984). Small mammals, Le., rodents, in-
sectivores, and bats, are hosts to a few species of Brachyleci-
thum, These include Brachylecithum aetechini Dolfus, 1951 
from hedgehogs Atelerix algirus (Lereboullet, 1842) in Moroc-
co and Erinaceus europaeus Linnaeus, 1758 (Poglayen et aL, 
2003) in Italy; Brachylecithum taiwanense Fischthal and Kuntz, 
1975 from a bat, Hipposideros armiger (Hodgson, 1835) (Pan-
in, 1984), in Taiwan; Brachylecithum hydromyos Angel and 
Person, 1977 and Brachylecithum insularae Angel and Person, 
1977 from murids in Australia (Panin, 1984); Brachylecithum 
eliomydis Jourdane and Mas-Coma, 1977 from a dormouse, 
Eliomys quercinus (Linnaeus, 1766), in Spain and France (Ri-
bas et aL, 2005); Brachylecithum mackoi Casanova and Ribas, 
2004 from a hedgehog Erinaceus europaeus in Elba (Italy) (Ca-
sanova and Ribas, 2004); and Brachylecithum sp. from Plan i-
gale maculate (Gould, 1851), Dasyurus hallucatus Gould, 1842 
(Dasyuridae), and Melomys sp, (Muridae) in Australia (Panin, 
1984; Casanova and Ribas, 2004). 
The only species found in Palaearctic Microtidae is Brachy-
lecithum rodentini Agapova, 1955, described from biliary ducts 
of Clethrionomys rufocanus Sendevall, 1846, inhabiting moun-
tainous areas of Kazakhstan (Agapova, 1955). Subsequent re-
cords come mainly from the former Soviet Union, Le., Mur-
mansk, Kare1ia, Altai, and Khabarovsk (Rybaltovskii and Kosz-
kina, 1963; Kontrimavikhius and Khokhlova, 1964; Mozgovoi 
et aL, 1966; Yuszkow, 1971). It follows from Panin's (1984) 
monograph that, besides C. rufocanus, the fluke is found also 
in Clethrionomys rutilus and the hare Lepus timidus, Brachy-
lecithum sp, was reported (Hildebrand and Popiolek, 2001) 
from Apodemus agrarius (Pallas, 1771) in Poland, but 2 juve-
nile specimens isolated at that time could only be assigned to 
the genus. During the studies of the parasites of small rodents 
near Wroclaw (southwest Poland) numerous Brachylecithum, 
representing an undescribed species, were found in the liver of 
bank voles (Clethrionomys glareolus). In this study we describe 
and compare the new species with the species recorded in Pa-
learctic mammals. 
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MATERIAL AND METHODS 
Five specimens of bank vole C. glareolus collected in the vicinity of 
Wroclaw from July 2003 till July 2004 were infected in the biliary ducts 
of the liver and in the duodenum with a new species of Brachylecithum. 
The intensity of infection ranged from 15 to 80. The flukes were washed 
in 0.85% saline, fixed, and preserved in 70% ethyl alcohol, stained with 
borax carmine, alum carmine, and astra-blue (Sitko and Koubkowa, 
1999), then dehydrated, cleared in oil of cloves, and mounted in Canada 
balsam. Drawings were made with the aid of a drawing tube. Measure-
ments were made using an ocular micrometer and are given in micro-
meters as holotype measurements with range, mean, and standard de-
viation in parentheses, unless otherwise stated. The sucker ratio was 
calculated as the ratio of the sum of the sucker length and width. Com-
parison of the pharynx size and oral sucker followed the same proce-
dure. Descriptions and measurements are based on examination of 48 
complete, undamaged specimens. 
DESCRIPTION 
Brachylecithum glareoli n. sp. 
(Fig. 1) 
Diagnosis: Body elongate, threadlike, with maximum width at level 
of vitellaria; 4,720 (2,304-8,720, 4,174 :+: 1,393) long and 224 (144-
384, 228 :+: 70) wide. Oral sucker subterminal, slightly oval, 236 (157-
319, 212 :+: 37) X 200 (137-304, 194 :+: 35) in size. Prepharynx absent. 
Pharynx globular, adjoining oral sucker, 71 (40-100, 66 :+: 15) X 64 
(36-82, 60 :+: 13) in size. Esophagus length 206. Bifurcation of ceca 
closer to acetabulum than to pharynx. Intestinal caca slender, ending 
below vitellaria. Ventral sucker slightly transversely oval, 228 (152-
378,234 :+: 50) long and 286 (160-403, 246 :+: 52) wide, with 2 lateral 
lappets, length 30 (14-38, 25 :+: 6). Distance of anterior end of body 
to ventral sucker 592 (336-760, 518 :+: 87). Sucker ratio 1:1.2 (1:1.15-
1.2). Testes longitudinally oval, adjoining each other. Anterior testis, 
243 (137-321, 216 :+: 52) long and 182 (106-314, 179 :+: 49) wide. 
Posterior testis slightly bigger then anterior, 258 (129-414, 243 :+: 74) 
long and 182 (122-328, 192 :+: 53) wide. Cirrus sac pear-shaped, over-
lapping dorsally with ventral sucker, but not reaching half its length, 
160 (128-221,159 :+: 23) X 80 (48-89, 71 :+: 11) in size. Genital pore 
located in midline of body close to ceca bifurcation. Ovary round, or 
transversely oval, 143 (86-274, 142 :+: 40) X 143 (71-286, 149 :+: 51). 
Vitellaria nearly symmetrical, located roughly at half body length, be-
hind ovary. Length of left vitellaria 544 (228-832, 488 :+: 141), right 
512 (207-880, 479 :+: 172), in their anterior part close to each other, 
then separate. Vitelline follicles large, 10 (5-10) in a row. Uterus filled 
with numerous eggs, its coils filling all free space in body behind go-
nads. Uterus zigzags, its coils separating gonads and anterior testis from 
ventral sucker. Eggs large, oval, 45-53 (45-53, 49 :+: 2) long and 25-
29 (25-29, 25.5 :+: 1) wide. 
Taxonomic summary 
Type host: Bank vole Clethrionomys glareolus (Schreber, 1780) 
(Mammalia, Rodentia, Microtidae). 
Site oj injection: Bile ducts of liver and occasionally duodenum. 
Type locality: Wroclaw (Mokry Dwor district), Lower Silesia, SW 
Poland, 51°04'54"N, 17°06'26"E. 
Type specimens: Holotype (MP 987) and 5 paratypes (998-1002) in 
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FIGURE 1. Brachylecithum glareoli n. sp. Holotype. Bar = I mm. 
the Museum of Natural History, Wroclaw University, Poland; 42 para-
types (BG20061-42) in the Helminthological Collection of the Depart-
ment of Parasitology, Wroclaw University, Poland. 
Etymology: The species is named for its host, the bank vole, Cleth-
rionomys glareolus. 
Remarks 
Species of Dicrocoeliidae grow in their hosts almost all throughout 
their lives (Sitko et aI., 2000), which results in variation of an array of 
biometric-morphological characters. For this reason, the data presented 
here are for 4 "age classes" (Table I). Specimens with a body length 
exceeding 4,000 were regarded as fully mature: they had numerous, 
mature, dark brown eggs in the uterine coils running between the go-
nads, and between the anterior testis and the acetabulum (Fig. 1). In 
flukes less than 4,000, the eggs were found almost entirely in the uterine 
coils below the ovary. 
The paratypes (Fig. 2) show variation related with age and degree of 
maturity as expressed by body size (Sitko et aI., 2000). The data indicate 
that it is the posterior body that continues to grow the most extensively, 
while the portion anterior to the ventral sucker grows much more slow-
ly. This causes displacement of the gonads relative to one another or 
changes in their size, or constricts the body in atypical places (Fig. 2). 
The new species differs from all other congenera parasitizing Pale-
arctic mammals by following combination of morphological character-
istics: body size; proportion of body length to width; morphology, size, 
and position of gonads; course of uterus, dimensions of cirrus sac; po-
sition of vitellaria; and size and shape of eggs. 
All analyzed species differed from the new one by body size (B. 
glareoli n. sp. is the largest), and the maximal body width is being 
observed on the vitellaria level. In contrast, the body of B. mackoi is 
2cfold shorter, while the bodies of B. rodentini, B. aetichini, and B. 
eliomydis are shorter by 30%. Moreover, the maximal body width of B. 
rodentini and B. mackoi is observed on the testis level and in B. eliom-
ydis on the level of ventral sucker. The B. glaeroli n. sp. body length/ 
width ratio is 1:13.7-17.7, which makes it the most slender among all 
these 4 species and differs mostly from B. mackoi (I :8.5) and B. ro-
dentini (I :10.4-11.8). 
In the new species, the testes are longitudinally oval, and the ovary 
is, as a rule, round or slightly oval and situated close to posterior testis. 
In contrast, in B. rodentini, both the testes and the ovary are transversely 
oval, and the distance between the posterior testis and the ovary is 
clearly greater than that between the testes. Furthermore, the gonads are 
relatively far from one another, i.e., the distance between the posterior 
testis and the ovary is greater. In B. mackoi, the gonads are larger, and 
the ovary is usually located at a distance from the posterior testis, 
whereas in B. aetechini, the testes are round and of equal size. 
In the new species, the uterine coils fill all the free space in the body 
behind the gonads. In the anterior part, the uterus zigzags, and its coils 
separate the gonads and anterior testis from the ventral sucker. In con-
trast, in B. aetechini, the distal section of the uterus does not possess 
transverse coils between the anterior testis and the ventral sucker; its 
course is almost straight, parallel to the body axis. 
Other differences relate to the dimensions and arrangement of the 
cirrus sac and vitellaria. In contrast to B. glareoli n. sp., the cirrus sac 
in B. eliomydis and especially in B. rodentini is distinctly longer, and 
in B. aetechini only to a slight degree overlaps dorsally with the ventral 
FIGURE 2. Brachylecithum glareoli n. sp. Paratypes. (A-B) Immature specimens. (C) Atypical specimen. (D) Mature specimen. Bar = 1 mm. 
TABLE I. Metrical data of B. glareoli n. sp. ("age classes"). 
2000-2999 3000-3999 4000-4999 :=;5000 
n = 10 n = 15 n = 11 n = 12 
n Min-Max Mean Min-Max Mean Min-Max Mean Min-Max Mean 
Body length 48 2304-2992 2782 3024-3808 3308 4048-4960 4470 5056-8720 6149 
Body width on level of testes 48 , 144-304 176 160-208 178 176--272 236 224-384 315 
Max body width 48 . 160-304 203 160-240 206 224-288 253 224-464 385 
Distance front of body-ventral 
sucker 47 336-480 435 432-624 452 464-640 526 496--760 616 
Oral sucker length 47 157-193 172 190-221 199 167-236 205 198-319 261 
Oral sucker width 45 137-171 160 167-198 181 161-201 194 190-304 237 
Pharynx length 34 46-78 59 40-76 59 52-86 71 53-100 81 
Pharynx width 35 36-78 58 40-76 53 40-66 57 64-82 76 
Ventral sucker length 47 152-214 185 178-251 211 207-258 234 274-378 305 
Ventral sucker width 44 160-250 194 205-274 227 200-286 240 213-403 305 
Appendix of ventral sucker 36 15-23 22 14-30 24 15-30 25 23-38 37 
Testis I length 46 137-186 154 167-228 176 214-286 249 236--321 279 
Testis I width 47 106-157 128 129-168 149 182-221 206 190-314 238 
Testis II length 46 129-203 156 152-278 203 257-336 295 266--414 329 
Testis II width 46 122-171 142 143-214 163 182-266 214 190-328 261 
Ovary length 48 86-129 101 93-167 129 128-171 146 136--274 188 
I 
Ovary width 48 71-144 112 86--143 117 118-171 152 150-286 205 j= 
Distance: testis II-ovary 33 0-23 11 0-30 20 0-143 50 0-99 63 0 m [JJ 
Left vitellaria length 42 336--624 396 228-570 386 400-693 551 570-832 648 ::0 
» 
Right vitellaria length 44 328-624 377 207-468 339 271-739 514 564-880 698 z 0 
Cirrus sac length 19 143-172 158 128-170 146 143-193 160 180-221 200 ~ 
Cirrus sac width 19 71-76 72 52-86 67 48-89 70 75-86 80 » 
Eggs length X width 276 45-53 X 25-29 48 X 25 45-53 X 25-29 48 X 25 45-53 X 25-29 51 X 26 45-53 X 25-29 50 X 26 r 
Body length:body width 1:13.7 1:16.1 1:17.7 1:16.0 ~ 
Ventral sucker:oral sucker 1:1.2 1: 1.15 1:1.2 1:1.2 z m 
Ventral sucker:pharynx 1:2.8 1:3.4 1:3.1 1:3.2 ::E 
• 0 Body length:vitellaria length 1:7:0 1:8.6 1:8.1 1:8.8 0 
::0 
0 
0 
0 
m 
C 
a 
(fl 
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sucker. As distinct from new described species, the length of the vitel-
laria in B. mackoi and B. rodentini is clearly smaller, whereas in B. 
eliomydis it is greater in proportion to the body length. Moreover, in B. 
glareoli n. sp., the vitellaria are located in the midbody and in their 
anterior part are close to each other, then separate, whereas in B. mackoi 
the vitelline fields are situated in the posterior half body and never 
overlap each other. 
The new dicrocoeliid species differs from all compared species by 
possession of clearly oval and the largest eggs. Differences are special 
with B. mackoi and B. rodentini, in which eggs are distinctly smaller 
and more barrel-shaped 
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A NEW MERMITHID NEMATODE FROM ABLABESMY/A MON/LIS (L.) (DIPTERA: 
CHIRONOMIDAE) IN NORTHERN MINNESOTA 
Arthur A. Johnson and Maurice G. Kleve* 
Department of Biology, Hendrix College, Conway, Arkansas 72032. e-mail: amjohnson@windstream.net 
ABSTRACT: Limnomermis steineri n. sp. (Nematoda: Mermithidae) is described from the hemocoel of male, female, and intersex 
imagos of Ablabesmyia (s. str.) monilis (L.) eclosing from Lake Ozawindib and Lake Alice Bog in northern Minnesota during 
summers 2000-2005. The species is distinguished from other described members of the genus. Paramermis rosea is returned to 
Limnomermis. A review of adequately described members of the genus is included. One species of the genus has been reported 
previously from the Nearctic Realm. Emphasis is placed on the need for host identification, larger number of specimens of both 
mermithid sexes, and information on the intensity of infections to enable more precise range comparisons in mermithid biometrics. 
Daday (1911, 1913) described a new genus of mermithid 
nematodes, Limnomerimis. The genus was distinguished from 
other mermithid genera described to that time in the following 
features: absence of cross fiber layers in cuticle, 6 postoral ce-
phalic papille, 6 hypodermal cords, 6 muscle bundles, cuticular 
esophageal tube that does not reach middle of body, and a sin-
gle spicule. Males possess 3 pre- and postanal papillary rows 
with species-specific numbers. Vagina of female is elongated, 
cylindrical, and usually S-shaped. Daday described 8 new spe-
cies in the genus. Rubzov (1974) recognized 17 species and 
added to the generic description a short stoma; terminal mouth 
occasionally shifted ventrally; amphids usually small and oval-
pyriform located posterior to cephalic papillae; the presence of 
well-developed retractor, dorsal protractor, and fixator muscles 
in the male; single spicule relatively short, lightly curved and 
broadened at the base; and a blunt (rounded) and occasionally 
pointed posterior end in both sexes. Rubzov (1978) listed 40 
species in the genus. He also created a new genus, Neolimnom-
ermis, in which he placed 5 species originally in Limnomermis. 
However, no clear distinction was made for the new genus. 
Since 1978, 4 additional species have been added to Limnom-
ermis. The 49 species have been described in most cases from 
very few specimens with samples not always including both 
male and female adult specimens. Some of 49 species have 
been placed in other genera. We have opted to consider as valid 
only those species in which both male and female adult char-
acteristics are described and clearly illustrated. Twelve of the 
49 species meet these criteria. 
Ten of the 12 species were described from the Palearctic 
Realm. The other 2 species are from the Neotropical Realm 
(Argentina). The only species in the genus from the Nearctic 
Realm was described initially from Europe but later reported 
from 3 sites in northwestern and westeIP Canada. 
MATERIALS AND METHODS 
Methods of collection, culturing, fixation, processing, and observa-
tion are given in detail by Johnson and Kleve (2004). All measurements 
are given in micrometers ([.Lm) unless otherwise specified. The first 
number is the mean followed by the standard deviation with the range 
in parentheses. 
Received 15 March 2006; revised 20 October 2006; accepted 20 Oc-
tober 2006. 
* Department of Biology, University of Arkansas at Little Rock, Little 
Rock, Arkansas 72204. 
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DESCRIPTION 
Limnomermis steineri n. sp. 
(Figs. 1-5) 
Diagnosis: Trophosome white. Head dome-shaped with a cervical 
constriction. Subventral mouth opening (Fig. 1, arrow) at level of ce-
phalic papillae. Stoma short. Amphids (Fig. 1, asterisk) small, long oval 
and positioned immediately postero-dorsal to lateral cephalic papillae. 
Amphidal (dorsal) commissure present. No excretory pore observed. 
Vagina modified S-shape (Figs. 3, 4), with short vulvar limb and no 
vulval flap. Middle vaginal section courses postero-dorsally. Short uter-
ine limb runs transversely to enter uterus. Bell-shaped restriction of the 
trophosome in the vagina area. Short spicule (Fig. 5), with axis rela-
tively straight. Spicule tip rounded, with no serrations or ornamentation 
and positioned at or adjacent to the genital pore. Spicule sides diverge 
toward base and flare at base with length of ventral side in most spec-
imens being longer than the dorsal side (Fig. 5). Bursal muscles extend 
from tail tip to tail distance anterior to genital pore. All elements run 
ventral to subdorsal. Short retractor and dorsal protractor muscles. Re-
tractor compact with constant width from origin to insertion. Dorsal 
protractor origin opposite genital pore to slightly posterior. Protractor 
divided into two subdorsal and one lateral origin. Fixator muscle of few 
noncontiguous fibers. Genital papillae in 3 rows, variable in number. 
Posterior ends rounded in both sexes. Juvenile stage not observed. 
Female (n = 9) (Figs. 2-4): Length 15.0:+: 3.5 (9.2-19.4) mm. Max-
imum body diameter 168 :+: 24 (118-205). Body index 89.0 :+: 12.2 
(74.2-106.3). Length of stoma (buccal funnel) 6 :+: 2 (3-10). Anterior 
end to mouth 12 :+: 1 (6-20), cephalic papillae 14 :+: 3 (10-20)/54 :+: 8 
(44-69), amphids 18 :+: 4 (13-28), nerve ring 201 :+: 19 (178-240)195 
:+: 10 (75-110), esophagus terminus 6.7.:+: 1.7 (3.6-8.8) mm1163 :+: 23 
(118-198), vulva 7.7 :+: 1.7 (4.6-9.5) mm/164:+: 22 (113-188). Amphid 
dimensions lateral view: length 12 :+: 1 (10-13), width 8 :+: 1 (6-10). 
Esophagus width at nerve ring 5 :+: 1 (4-6). Vulva percentage 50.9 :+: 
2.1 (47.4-55.2). Esophagus percentage 44.6 :+: 3.5 (39.1-50.4). Thick-
ness of cuticle at midbody 2 :+: 1 (1-4). Posterior end to trophosome 
129 :+: 31 (75-193)/88 :+: 12 (68-103). Cephalic index 0.26:+: 0.4 (0.22-
0.33). Newly deposited ovate egg 43 X 35 (n = 2). 
Male (n = 14) (Figs. J, 5): Length 14.4 :+: 5.9 (8.6-31.4) mm. Max-
imum body diameter 136 :+: 29 (93-193). Body index 103.5 :+: 20.6 
(75.4-163.1). Length of stoma 5 :+: 3 (3-14). Anterior end to mouth 14 
:+: 6 (6-28), cephalic papillae 17 :+: 5 (11-28)156 :+: 12 (39-73), amphids 
20 :+: 3 (16-26), nerve ring 215 :+: 26 (173-253)/93 :+: 15 (68-120), 
esophagus terminus 6.3:+: 2.5 (3.7-13.6) mml114:+: 20 (86-150). Am-
phid dimensions lateral view: length 12 :+: 2 (9-18), width 10 :+: 2 (8-
14). Esophagus width at nerve ring 5 :+: I (4-6). Thickness of cuticle 
at midbody 2 :+: 0.5 (1-3). Esophagus percentage 44.2 :+: 2.4 (38.8-
47.5). Tail length 227.0 :+: 41.8 (151-294)182 :+: II (58-105). Length 
of spicule chord 83 :+: 15 (50-105), spicule axis 83 :+: 20 (41-116). 
Medial genital papillae pregenital pore 12.9 :+: 3.5 (4-17), postgenital 
pore 9.1 :+: 2.8 (4-15). Lateral genital papillae pregenital pore 6.5 :+: 
1.7 (5-9), postgenital pore 6.6 :+: 1.8 (3-10). Spicule axis length:di-
ameter of body at genital pore:tail length = 1.0 :+: 0.2 (0.7-1.4):1:2.8 
:+: 0.6 (1.8-3.8). Cephalic index 0.32 :+: 0.05 (0.24-0.39). 
Taxonomic summary 
Type host: Ablabesmyia (s. str.) monilis (L.). 
Type locality: Lake Alice Bog (Hubbard County), Minnesota. 
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FIGURES 1-5. Limnomermis steineri n. sp. (1) Male anterior end showing mouth and amphid locations. (2) Female posterior end. (3) Vagina 
in unfertilized female. (4) Vagina in fertilized female. (5) Posterior end of male. Bar = 0.01 mm. 
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47°12'9"N, 95°5'29"W. Lake Ozawindib (Clearwater County), Minne-
sota. 47°13'47"N, 95°16'22"W. 
Site of infection: Hemocoe1 of adult insect. 
Type specimens: One vial with ho1otype male and allotype female 
(T-35t), 1 vial with 3 adult male and 3 adult female paratypes (T-501p), 
and microscope slides of host adult male (T-5387p), adult female (T-
5388p), and intersex (T-5389p) deposited in the USDA-ARS, Nema-
tology Collection, Beltsville, Maryland. 
Etymology: The specific epithet is derived from the name of Dr. Gott-
hold Steiner, a pioneer in the study of mermithid nematodes. 
Bionomics: Collected 2000-2002, 2004-2005. Limnomermis steineri 
n. sp. postparasitic larvae emerged from adult midge hosts from May 
through August with greatest number in August. Molting occurred with-
in hrs of emergence of nematodes from host midges. Hosts included 
adult males and females as well as intersex forms. From 1 to 5 nema-
todes emerged from each host. 
Remarks 
Limnomermis steineri n. sp. is distinguishable from the other 12 de-
scribed species in the genus by location of mouth at level of cephalic 
papillae in both sexes. In males, the single spicule has a rounded non-
ornamented tip and the base is flared (Fig. 5). Variations in the spicule 
occur in the length of the ventral edge, which may be equal to that of 
the dorsal edge or longer. Both unfertilized and gravid females have a 
distinctive bell-shaped restriction of trophosome in vagina area (Figs. 
3, 4). The S-shaped vagina is unusual in that middle limb of organ is 
directed dorsally or dorso-posteriorly into uterine limb, which then runs 
transversely to enter uterus. These features differ from typical medial 
orientation of all vaginal limbs. 
Limnomermis steineri n. sp. is the first species of genus described 
from Nearctic Realm. Ten species have been recorded from Palearctic 
Realm and 2 from Neotropical Realm. Nickle (1972) reported speci-
mens of Limnomermis bathybia collected from British Columbia. Mul-
vey and Nickle (1978) described specimens of males of L. bathybia in 
benthic material collected from Yukon and Mackenzie river systems in 
northwestern Canada. Historically, aquatic mermithids have been col-
lected using 2 different procedures. Benthic samples in surveys of wa-
terways yield immature stages of infected insects and mermithids free 
in sediment. Trapping of adult infected insects via netting or attractants 
such as light provides a more focused method, but this method is sea-
sonal, depending more on the cyclical nature of the emergences. Hosts 
are not always determined in the first case. 
G. Poinar and W. Wtilker (pers. comm.) infected larvae of a larger 
chironomid host (Chironomus anthracinus (Zett.)) and a smaller host 
(Calopsectra tripunctata Reiss) with preparasitic larvae of Limnomer-
mis rosea Hagmeier, 1912. Adult female mermithids were compared as 
to total length, greatest diameter, head diameter, anterior end to nerve 
ring, vagina length, egg diameter, and diameter of amphidal openiDg. 
With respect to length and greatest width, there were no overlaps in 
ranges. Also, the greatest body width and head diameter in Hagmeier's 
type specimens did not overlap ranges of the Poinar-Wtilker forms. In 
adult males, Poinar and Wtilker used total length, greatest body diam-
eter, head diameter, anterior end to nerve ring, width of body at genital 
pore, length of tail, length of spicule, ratio of width of body at genital 
pore to the length of spicule, and diameter of amphidal opening for 
comparisons. In 5 of 9 cases, there were nq pverlaps in ranges. Hag-
meier's male biometrics more closely resemble those of mermithids 
from Poinar and Wtilker's smaller host, but, even here, 6 of 9 values 
are not within the ranges. The modification of these parameters by 
crowding (resource partitioning) in hosts. was not investigated by Hag-
meier or Poinar and Wtilker. Poinar and Wtilker's study emphasizes the 
significance of host determination in mermithid descriptions. 
Kaiser et al. (1987) in describing 2 very similar species, Limnomer-
mis anthracini and L. bathophili, from 2 different chironomid host spe-
cies stated, "In spite of their different size, the worms were morpho-
logically very similar." Polyacrylamide disc electrophoresis and im-
mungel precipitation tests indicated the 2 species to be ". . . two closely 
related but genetically isolated populations ... " and that "Since both 
species occur simultaneously in the same biotope the two popUlations 
are considered to be sympatric sibling species with different host selec-
tion for their parasitic development." Cross-breeding between adults of 
the 2 mermithid species yielded no viable egg production. Their inves-
tigation emphasizes the need of establishing mating and egg develop-
ment in accepting new mermithid species. 
Following is a list of the 13 Limnomermis species, authors, dates, 
number of males and females examined, geographic and habitat location 
from which they were obtained, and hosts where known. 
Limnomermis angustifrons Rubzov, 1974: 6 males, 6 females. Pe-
chora River, Russia. 
Limnomermis anthracini Kaiser, Wtilker, and Skofitsch, 1987: 15 
males, 6 females. Lake Schluchsee, Germany. Host: Chironomus 
anthracinus. 
Limnomermis bathophilu Kaiser, Wtilker, and Skofitsch, 1987: 15 
males, 6 females. Lake Schluchsee, Germany. Host: Tanytarsus 
bathophilu. 
Limnomermis bathybia Daday, 1911: males and females (number not 
specified). Lake Lucerne, Switzerland. Redescription Steiner, 1919 
from additional specimens from same source. 
Limnomermis bonaerensis Camino, 1989: 8 males, 10 females. Ar-
gentina. Host: Hyalella curvispina (Crustacea, Amphipoda). 
Limnomermis cryophilii Rubzov, 1967: 1 male, 1 female. Small 
spring in Luzh area of Leningrad in Russia. Hosts: Eusimulium 
cryophilum Rubzov and E. laticeps Meigen (Diptera: Simuliidae). 
Limnomermis limnetica Daday, 1911: 1 male, 1 female. Lake Lu-
cerne, Switzerland. Redescription Steiner, 1919 of additional spec-
imen from same source. 
Limnomermis limnobia Daday, 1911: 2 males, 1 female. Lake Lu-
cerne, Switzerland. 
Limnomermis muticata Rubzov, 1976: 1 male, 2 females. Lake Ze-
lenetskoe on the Kola Peninsula in Russia. 
Limnomermis rotundata Rubzov, 1973: 1 male, 1 female. Lake Chad 
in Estonia. 
Limnomermis rosea Hagmeier, 1912: males and females. At the town 
of Neuhofen in the Rhine River, Germany. Hagmeier (1912) placed 
this species originally in Paramermis. He became aware of the 
Daday (1911) description of the genus Limnomermis while his pa-
per was in press and in an addendum stated that, if he had known 
of the genus Limnomermis, Paramermis rosea would have been 
placed in that taxon. 
Limnomermis steineri n. sp.: 14 males, 9 females. Lake Alice Bog 
and Lake Ozawindib in northern Minnesota, U.S.A. Host: irnagos 
of Ablabesmyia monilis (L.) (Diptera: Chironomidae). 
Limnomermis subtropicalis de Villalobos and Camino, 1997: 12 
males, 15 females. Iguazu River, Puerto Iguazu, Miniones, Argen-
tina. Hosts: larvae of Simulium orbitale (Lutz). 
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TWO NEW SPECIES OF RHABD/AS (NEMATODA: RHABDIASIDAE) FROM THE MARINE 
TOAD, BUFO MAR/NUS (L.) (LISSAMPHIBIA: ANURA: BUFONIDAE), IN CENTRAL 
AMERICA 
Yuriy Kuzmin, Vasyl v. Tkach*t, and Daniel R. Brooks:j: 
Department of Parasitology, Institute of Zoology, 15 Bogdan Khmelnytskyi Street, Kyiv, 01601 Ukraine. e-mail: vasyl.tkach@und.nodak.edu 
ABSTRACT: Two new Rhabdias species are described from the lungs of the cane toad Bufo marinus (L.) from Costa Rica and 
Nicaragua. Rhabdias alabialis n. sp. differs from other known species of the genus by the remarkable morphology of its head 
end, i.e., the absence of lips or pseudolabia, the slitlike oral opening, and the triangular shape of the buccal capsule in apical 
view. Rhabdias pseudosphaerocephala n. sp. is identified as a form previously known in Central and South America as Rhabdias 
sphaerocephala Goodey, 1924, a species initially described from toads in Europe. The new species is differentiated from R. 
sphaerocephala based on head-end morphology and sequences of nuclear rDNA. 
Species of Rhabdias Stiles et Hassall, 1905, are a globally 
distributed group of nematodes parasitic in lungs of amphibians 
and reptiles and include more than 40 nominal species. Fifteen 
species have been reported from members of the Bufonidae; 11 
of them seem to be specific to this host family. In Central and 
South America, 5 Rhabdias species have been reported from 
Bufo spp. Two of these, Rhabdias sphaerocephala Goodey, 
1924 and Rhabdias fulleborni Travassos, 1926, are known as 
parasites of Bufo marinus (L.) (Kloss, 1971, 1974). 
Beginning in 1996, the Area de Conservacion Guanacaste 
(ACG) (http://www.acguanacaste.ac.cr) in northwestern Costa 
Rica has supported an effort to perform an inventory of the 
eukaryotic parasites of all 940 species of vertebrates living 
within the ACG (http://www.parasitesrus.com). As part of that 
project, we collected parasites inhabiting specimens of Bufo 
marinus. Additionally, Rhabdias spp. have been collected from 
B. marin us from several localities in western Nicaragua. Ex-
amination of that material revealed the presence of 2 distinct 
Rhabdias species. One of these was identical to nematodes pre-
viously reported in Central and South America as R. sphaero-
cephala (Bravo-Hollis and Caballero, 1940; Brenes and Bravo-
Hollis, 1959; Kloss, 1971, 1974). Morphological comparison of 
the worms studied with the original description of R. sphaero-
cephala Goodey, 1924 from Bufo bufo from Great Britain and 
the material from the same host species from Ukraine, as well 
as analysis of the DNA sequences, demonstrated substantial dif-
ferences between South and Central American forms and Eu-
ropean forms. The second new species possesses morphological 
features that readily differentiate it from all known species of 
the genus. Two new species of Rhabdias are, therefore, de-
scribed herein. 
MATERIALS AND METHODS 
All nematodes were taken from freshly killed hosts. Some of them 
were fixed in glacial acetic acid and stored in 70% ethanol, while others 
were heat-killed in saline and stored in 70% ethanol. Specimens for 
molecular analysis were placed directly into 95% ethanol. Museum 
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specimens of R. fulleborni were examined. Those included permanent 
total mounts of neotypes on slides (Museu de Zoologia da Universidade 
de Sao Paulo, no. 1650), and material from B. marinus from Bermudas 
(U.S. National Parasite Collection, nos. 83196 and 87195), stored in 
alcohol. Specimens of R. sphaerocephala for morphological and mo-
lecular study were collected from Bufo bufo near Kyiv, Ukraine. 
For light microscopy, specimens were cleared in glycerol by gradual 
evaporation from a 5% solution of glycerol in 70% ethanol, or in glyc-
erol-phenol (3: 1) solution. Measurements are in micrometers unless 
otherwise noted. Drawings were made with the aid of a drawing tube. 
Nematodes used for SEM were initially fixed in ethanol, then dehy-
drated in a graded series of ethanol and acetone and dried using hexa-
methyldisilazane (HMDS) (Ted Pella, Inc., Redding, California) as tran-
sition fluid. Dry specimens were mounted on stubs, coated with gold-
palladium, and examined using a Hitachi 4700 scanning electron mi-
croscope (Hitachi USA, Mountain View, California) at an accelerating 
voltage of 10-15 kY. 
For molecular analysis, live worms recovered from the host were 
rinsed thoroughly in saline and fixed in 95% ethanol. Genomic DNA 
was extracted from single specimens of worms according to Tkach and 
Pawlowski (1999). DNA fragments spanning the 3' end of 18S nuclear 
rDNA gene, ITS region (ITSI + 5.8S + ITS2), and 5' end of the 28S 
(including variable domains DI-D3) were amplified by PCR on an 
Eppendorf Master Gradient thermal cycler using forward primer ITS5 
(5'-GGAAGTAAAAGTCGTAACAAGG-3') and reverse primer 1500R 
(5' -GCTATCCTGAGGGAAACTTCG-3'). 
PCR reactions were performed in a total volume of 51 flol containing 
42 flol H20, 5 flol Taq buffer, 1 flol dNTP at a concentration of 10 
PM/flol, 1 flol of each primer at a concentration of 10 PM/flol, 0.25 flol of 
Eppendorf Taq polymerase at a concentration of 5 units/flol, and 1-1.5 
flol of template gDNA extract. The thermocycling profile was as follows: 
2 min denaturation at 94 C; then 40 cycles of 30 sec at 94 C, 30 sec 
at 52-56 C, 2 min at 72 C; and a final 7-min extension at 72 C. 
PCR products were purified using Qiagen Qiaquick@' (Valencia, Cal-
ifornia) columns and sequenced directly on an ABI Prism 31O()<l'l> au-
tomated capillary sequencer using ABI BigDye@ chemistry (Foster 
City, California) according to manufacturer's protocols. DNA products 
were sequenced in both directions using the 2 PCR primers and, addi-
tionally, internal primers ITS4 (5'-TCCTCCGCTTATTGATATGC-3'), 
300R (5'-CAACTTTCCCTCACGGTACTTG-3'), 300F (5'-CAAGTA 
CCGTGAGGGAAAGTTG-3'), and ECD2 (5'-CTTGGTCCGTGTTT 
CAAGACGGG-3'). Contiguous sequences were assembled and edited 
using Sequencher@>version 4.1.1 (GeneCodes Corp., Ann Arbor, Mich-
igan) and submitted to GenBank under accession numbers DQ845734-
DQ845738 (R. pseudosphaerocephala) and DQ845739-DQ845741 CR. 
sphaerocephala) Sequences were manually aligned and compared using 
the BioEdit program, version 7.0.1 (Hall, 1999). 
DESCRIPTIONS 
Rhabdias a/abia/is n. sp. 
(Figs. 1, 3A) 
General (Based on 50 specimens; measurements are for holotype, 
followed by limits for 25 paratypes in parentheses. Measurements are 
presented in micrometers unless otherwise stated. Calculations for the 
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FIGURE 1. Rhabdias alabialis n. sp. (A) Anterior part of the body, lateral view. (B) Head end, apical view; (C) optical section of the head 
end at level anterior to the buccal capsule; (D) optical section of the head end at level of the buccal capsule; (E) head end, lateral view; (F) head 
end, dorsoventral view; (G) loop of anterior genital tube; (H) tail end, lateral view; (I) tail, ventral view, showing phasmids. Scale bars; A, E, F, 
1= 0.1 mm; B, C, D = 0.05 mm; G, H = 0.2 mm. 
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TABLE 1. Metric characters of Rhabdias alabialis (type series, n = 26). Measurements are in micrometers unless otherwise noted. SD, standard 
deviation; CV, coefficient of variation. 
Characters 
Body length, mm 
Body width 
Buccal capsule depth 
Buccal capsule maximum width 
Esophagus length 
Esophagus length as percentage of body length 
Width of esophagus: 
At anterior end 
At middle of muscular part 
At middle of glandular part 
Width of esophageal posterior bulb 
Distance from anterior end of esophagus to nerve ring 
Distance from anterior end of esophagus to nerve ring as percentage 
of esophagus length 
Distance from anterior end to vulva, mm 
Distance from anterior end to vulva as percentage of body length 
Tail length 
Tail length as percentage of body length 
Egg length (n = 20) 
Egg width (n = 20) 
whole sample are given in Table I): Body 7.97 (7.67-9.27) mm long, 
315 (260-328) wide at midbody. Anterior end rounded, posterior end 
tapering. Outer layers of body cuticle prominently swollen, especially 
at anterior end, with irregular transverse folds. Oral opening slitlike, 
orientated dorsoventrally. Eight radial folds of epicuticle surrounding 
oral opening. Vestibulum 20 (15-25) deep, slitlike in apical view, fun-
nel-shaped in lateral view, lined with folded cuticle. Lips or pseudolabia 
absent. Buccal capsule (esophastome) triangular in apical view, infun-
dibuliform in lateral view, 10 (10-10) deep, 12 (10-15) wide. Buccal 
capsule walls (esophorhabdion) dense and thick. Esophagus typical for 
species of the genus, club-shaped, 389 (340-445) long, with prominent 
dilation at midlength of anterior muscular part and egg-shaped posterior 
bulb. Anterior end of esophagus 35 (32-37) wide; maximum width of 
muscular dilation 37 (37-45); minimum width of glandular part 32 (32-
35); posterior bulb 65 (57-70) wide. Nerve ring encircling esophagus 
posterior to its muscular swelling, 148 (136-167) from anterior end of 
esophagus. Excretory pore posterior to nerve ring. Excretory glands 
relatively short, approximately half as long as esophagus. Anterior part 
of intestine wide, thick-walled, with narrow lumen. Intestinal lumen 
behind posterior limb of genital system wide, filled with black contents. 
Muscular prerectal sphincter of intestine obvious. Rectum short, 
straight, lined with thick cuticle. Genital system amphidelphic. Vulva 
transverse, near midbody, 3.95 (3.62-4.80) mm from anterior end. Va-
gina reduced. Uteri long, straight, thin-walled, filled with numerous 
eggs; most eggs containing larvae. Both limbs of genital system bending 
at region of seminal receptacles. Ovaries (syngonia) situated beside in-
testine; each ovary far overlapping level of 'Vulva. Tail conical, 303 
(278-328) long, with prominent ventral postanal inflation of body wall. 
Phasmids comparatively large, conical, situated at middle of tail length. 
Tail tip lacking cuticular swelling. 
Taxonomic summary 
Type host: marine toad or cane toad Bufo marinus (L.) (Anura: Bu-
fonidae). 
Site of infection: Lungs. 
Type locality: Puesto Rio Murcielago, Sector Murcielago, Area de 
Conservacion Guanacaste, Guanacaste Province, Costa Rica. 
Other localities: Sector Santa Rosa: Rio Cuajiniquil, at crossing of 
Cafetal Road (10052.51'N, 85°36.42'W, elevation 281 m); Quebrada 
Costa Rica, Camino Playa Naranjo (10050.04'N, 85°37.29'W, elevation 
287 m); Area Administrativa, Estacion Santa Rosa, Quebrada Guapote, 
Camino Rosa Maria (10049.22'N, 85°36.51'W, elevation 275 m); Sector 
Mean Minimum Maximum SD CV 
8.67 7.67 9.27 0.44 5.1 
302.8 260 328 16.6 5.5 
10 10 10 0 0 
12.1 10 15 1.4 11.2 
395.8 340 445 20.0 5.0 
4.6 4.2 5.2 0.2 5.2 
33.9 32 37 1.4 4.3 
40.2 37 45 1.9 4.6 
33.2 32 35 1.1 3.4 
65.2 57 70 3.0 4.6 
146.2 136 167 8.0 5.5 
37.0 31.9 43.6 2.8 7.6 
4.29 3.62 4.80 277.3 6.5 
49.4 47.2 51.8 1.3 2.7 
300.7 278 328 13.5 4.5 
3.5 3.1 3.8 0.2 5.3 
98.2 92 105 3.3 3.4 
54.6 52 57 1.7 3.1 
San Gerardo: Estacion San Gerardo (10052.50'N, 85°23.21'W, elevation 
605 m); Rio Pizote between Brasilia and Dos Rios (10056.02'N, 
85°24.05'W), Area de Conservacion Guanacaste, Guanacaste Province, 
Costa Rica. 
Type specimens deposited: Holotype: USNPC 98143; paratypes: 
USNPC 98144. 
Etymology: The species name is given in reference to the absence of 
lips characteristic of this species. 
Remarks 
Rhabdias alabialis is readily distinguishable from all other species 
of the genus by its unique head-end morphology, i.e., its buccal capsule 
shape (triangular in apical view), absence of lips, and slitlike oral open-
ing. With regard to the latter character, R. alabialis is similar to Rhab-
dias bicomis Lu, 1934, described from Bufo spp. in China. Rhabdias 
bicomis, however, possesses 2 prominent lateral pseudolabia (Lu, 1934; 
Kung and Wu, 1945; Hsu, 1960), which are absent in R. alabialis. 
Rhabdias bicomis also lacks the dilation of the esophagus in the mid-
region of its muscular part, which is present in R. alabialis. 
Rhabdias pseudosphaerocepha/a n. sp. 
(Figs. 2, 38) 
General (Based on 26 specimens; measurements are for holotype, 
followed by limits for 25 paratypes in parentheses. Measurements are 
presented in micrometers unless otherwise stated. Calculations for the 
whole sample are given in Table II): Body 7.90 (6.17-9.60) mm long 
and 330 (290-380) wide at midlength. Anterior end rounded, posterior 
end tapered. Body cuticle swollen, especially on head end, and covered 
with irregular transverse folds. Oral opening round, surrounded with 4 
submedian lips overhanging edge of oral opening. Two lateral pseu-
dolabia rounded, comparatively small. Each submedian lip and pseu-
dolabium bearing small papilla on the top. Amphids porelike, situated 
on pseudolabia. Buccal capsule funnel-shaped, thick-walled, 10 (7-12) 
deep and 17 (15-17) wide. Esophagus club-shaped, dilation of anterior 
muscular part present. Esophagus length 410 (400-460) or 5.2% (4.4-
6.5%) of body length. Anterior end of esophagus 37 (35-40) wide; 
maximum width of muscular dilation 42 (40-50) wide; minimum width 
of glandular part 37 (35-42); posterior bulb 72 (67-85) wide. Nerve 
ring encircling esophagus posterior to its muscular swelling, 160 (140-
190) from anterior end of esophagus (39.0% [33.3-43.2%] of esophagus 
length). Excretory pore posterior to nerve ring. Shape of intestine and 
• 
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FIGURE 2. Rhabdias pseudosphaerocephala n. sp. (A) Anterior part of the body, lateral view. (B) Head end, dorsoventral view; (C) head end, 
apical view; (D) tail end, lateral view. Scale bars: A, B = 0.1 mm; C = 0.05 mm; D = 0.2 mm. 
FIGURE 3. (A ) Rhabdias alabialis n. sp. (8 ) Rhabdias pselldo-
sphaeroceplwla n. p. (C ) Rhabdias sphaerocephala. Scale bars: A = 
10 IJ.m, B = 30 IJ.m, C = 30 IJ.m. 
rectum same as in previous species, a well as genital system structure. 
Vul va almost equatorial , distance from anterior end to vul va 3.92 (3 .30-
4.95) mm, or 49.7% (47.5- 53.4%) of body length . Tai l comparati vely 
hort, conica l. Tail length 350 (3 10- 410), or 4.4% (3.7-5.0%) of body 
length . 
KUZMIN ET AL.- TWO NEW RHABD/AS FROM BUFO MAR/NUS 163 
Taxonomic summary 
Type host: Bufo marillus (L.) (Anura: Bufonidae) , marine toad or 
cane toad. 
Site of infection: Lungs. 
Type locality: City of Leon, Leon Province, icaragua ( 12°25.57'N, 
86°52.53' W ). 
Other localities: City of Chinandega, Chinandega Province, icara-
gua; Sector Santa Rosa: Quebrada Costa Rica, Camino Playa Naranjo 
( 10°50.04' ,85°37.29' W); Area Ad ministrati va, Estacion Santa Rosa; 
Rio Cuajiniquil, at crossing of Cafetal Road ( 10°52.5 1' , 85°36.42'W); 
Sector San Gerardo: Estacion San Gerardo ( 10°52.50' ,85°23 .21 ' W ); 
Sector Santa Elena: Santa Elena, L aguna los Jicaros; Sector M aritza: 
M arit za station ( 10°57.40' ,85°29.30' W), Area de Conservacion Guan-
acaste, Guanacaste Prov ince, Costa Rica. 
Type specimells deposited: Holotype: US PC 98 145: paratypes: 
US P 98 146. 
Remarks 
Rhabdias pseudosphaerocephala n. sp. is most similar to R. f ulle-
bomi Travassos, 1926 by general morphology, host specificity, and geo-
graphic distribution. Detailed differentiation between the 2 species was 
provided by Kloss ( 197 1, 1974) who identified R. pselldosphaeroce-
phala n. sp. a R. sphaerocephala Goodey, 1924. Examination of type 
material of R. fu llebomi and material from the U P confirmed that 
the species differs from R. pseudosphaerocephala by a more slender 
body, especially at the anterior end, and a narrower anterior-most parL 
of the esophagus. In addition, R. pse/ldosphaerocephala n. sp. di ffers 
from R. fu lleborni by hav ing a relatively shorter esophagus; Figure 4 
depicts the results of comparing the relati ve length of the esophagus in 
R. fu llebomi and R. pseudosphaerocephala based on measurements 
published by Kloss ( 197 1) and our data. Both samples of R. pseudo-
sphaerocephala measured in present study appeared to be almost iden-
tica l to " R. sphaerocephala" studied by Kloss ( 197 1); all 3 samples 
were clearly different from R. fullebomi. 
The specimens described here as R. pseudosphaerocephala n. sp. 
were first identified in Central and South America (Bravo-Hollis and 
Caballero, 1940; Brenes and Bravo-Hollis, 1959; Kloss, 197 1, 1974) as 
R. sphaerocephala Goodey, 1924, origi nally described from the Euro-
pean common toad (B. bufo) (Goodey, 1924) . The 2 species resemble 
each other by the presence of cuticular swelling at the head end. In R. 
sphaerocephala, however, the cuticular . welling on the head end is 
distinctly separated from cuticle covering the rest of the body (Goddey, 
1924; Kuzmin, 1997). The 2 species also substantially differ by the 
head-end morphology. Rhabdias sphaerocephala possesses 6 lips sur-
rounding an oral opening at some distance from its edge (Fig. 3C), 
whereas in R. pseudosphaerocephala, the oral opening is surrounded 
by 4 submedian lips overhanging the edge of oral opening and 2 lateral 
p eudo labia (Fig. 3B). In R. sphaerocephala, the buccal capsu le i not 
surrounded by esophageal ti ssue (Kuzmin, 1997), whereas in R. pseu-
dosplwerocephala , the buccal capsule walls are completely surrounded 
by esophageal ti ssue (Figs. 2A, B). In addition. R. splwerocephala pos-
se ses a relatively longer esophagus, as shown in Figure 5. 
The amplified and sequenced fragment of nuclear rON A inc luded the 
complete ITS region ( ITS I , 5.8S , ITS2) and fragment at the 5' end of 
the 28S gene, including variable domains 01 - 0 3. Alignment required 
only 2 gaps because the pec ies under in vestigation were obviously 
closely related. Alignment of sequenced fragments was 1,607 bases 
long; sequences of both R. pseudosphaerocephala n. sp. and R. sphaer-
ocephala were 1,606 bases long. Twenty of 1,607 alignment sites 
( 1.44%) were vari able. This level of variability appears meaningful con-
sidering that sequences obtained from 7 specimens of R. pselldosphaer-
ocephala n. sp., collected at different times from 2 different localities 
in icaragua and 3 in Costa Rica, showed no inu'aspecific variation. 
Similarly, sequences obtained from 3 specimens of R. sphaerocephala 
from Ukraine were identical. Variable si tes were cattered along align-
ment with the majority in the ITS I region. Thus, molecular data strong-
ly support observed morphological differences between R. pseudo-
sphaerocephala n. sp. and R. splwerocephala. 
DISCUSSION 
Bilateral ymmetry of cephalic tructure ha been reported 
for several Rhabdias pecie. Baker ( 1978) de. cribed lateral 
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TABLE II. Metric characters of Rhabdias pseudosphaerocephala (type series, n = 26). Measurements are in micrometers unless otherwise noted. 
SD, standard deviation; CV, coefficient of variation. 
Body length, mm 
Body width 
Buccal capsule depth 
Characters 
Buccal capsule maximum width 
Esophagus length 
Esophagus length as percentage of body length 
Width of esophagus: 
At anterior end 
At middle of muscular part 
At middle of glandular part 
Width of esophageal posterior bulb 
Distance from anterior end of esophagus to nerve ring 
Distance from anterior end of esophagus to nerve ring as percentage 
of esophagus length 
Distance from anterior end to vulva, mm 
Distance from anterior end to vulva as percentage of body length 
Tail length 
Tail length as percentage of body length 
pseudolabia in 2 North American species, i.e., Rhabdias amer-
icanus Baker, 1978 and Rhabdias ranae Walton, 1929 (the 
specimens of R. ranae described by Baker, 1978, are considered 
here as belonging to Rhabdias bakeri nov. sp. [Tkach et ai., 
2006]). Similar structures were described in Rhabdias africanus 
Kuzmin, 2001 (Kuzmin, 2001). However, in all these species, 
the submedian lips are present, at least in the shape of "pro-
tuberances" (sensu Baker, 1978). In R. bicomis, lips are com-
pletely replaced with lateral pseudo labia extending anteriorly 
(Lu, 1934). Subadults of R. americanus and R. ranae lack lat-
eral pseudolabia, and their formation occurs during the matu-
ration of adult stage (Baker, 1979). In the present study, we 
dealt only with gravid specimens of R. alabialis and all of them 
lacked any sign of lateral pseudolabia. 
The identification of some Rhabdias from B. marinus as R. 
sphaerocephala was previously questioned by Chabaud et ai. 
(1961), Hartwich (1975), and Baker (1978). In the present 
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R. "sphaerocephala" (after Kloss, 1971) 
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FIGURE 4. Relationship of the relative length of esophagus (per-
centage of total length) to the total length in R. pseudosphaerocephala 
sp. nov. and R. fulleborni. Lines = the least-squares lines. 
Mean Minimum Maximum SD CV 
8.16 6.17 9.60 0.84 10.3 
341.5 290 380 23.6 6.9 
10 7 12 0.7 7.1 
17.2 15 17 0.8 4.7 
416.9 400 460 15.7 3.8 
5.1 4.4 6.5 0.5 9.1 
37.9 35 40 1.7 4.5 
44.1 40 50 2.5 5.8 
38.9 35 42 1.8 4.5 
76.1 67 85 4.5 6.0 
161.9 140 190 11.0 6.8 
38.9 33.3 43.2 2.4 6.2 
4.11 3.30 4.95 0.41 10.0 
50.2 47.5 53.4 1.6 3.1 
351.5 310 410 24.1 6.9 
4.3 3.7 5.0 0.4 8.3 
study, we found both morphological and molecular differences 
among the European R. sphaerocephala and the American R. 
pseudosphaerocephala n. sp. This differentiation is in agree-
ment with the fact that almost all known Rhabdias species are 
distributed on a single continent. The only remaining exception 
is Rhabdias fuscovenosa (Railliet, 1899), a parasite of snakes 
occurring in Europe, Asia, and North America. We believe, 
however, that a thorough study of the forms of the species from 
distant parts of its area, involving both morphological and mo-
lecular analysis, might reveal several sibling species within the 
R. fuscovenosa complex. 
Differences between R. pseudosphaerocephala n. sp. and R. 
fullebomi are not very obvious. Bravo-Hollis and Caballero 
(1940) reported that R. sphaerocephala from Mexico (=R. 
pseudosphaerocephala) was shorter and had a postequatorial 
vulva. Kloss (1971,1974) stated that "R.fullebomi differs from 
R. sphaerocephala by its slenderness, and by attaining a longer 
o R. pseudosphaerocephala from Nicaragua 
...........• I : ~: ~;~~::~:::C;~~I~~~:;e Costa Rica 
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~ • 
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FIGURE 5. Relationship of the relative length of esophagus (per-
centage of total length) to the total length in R. pseudosphaerocephala 
sp. nov. and R. sphaerocephala. 
length" (Kloss, 1971). Apparently, the slenderness of any 
Rhabdias sp. is quite a subjective character, and the body length 
in both species is very similar. We add the relative length of 
esophagus as additional character for the separation of these 
species. 
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A NEW RHABDOCHONID FROM THE BLUE STRIPED CHUB SECTATOR OCYURUS 
(OSTEICHTHYES: KYPHOSIDAE) IN CHAMELA BAY, MEXICO 
H. H. Mejia-Madrid and G. Perez-Ponce de Leon-
Department of Nematology, University of California, Davis, California 95616. e-mail: hmejiamadrid@ucdavis.edu 
ABSTRACT: Megachona chamelensis n. gen., n. sp. is described from the intestinal cecae of blue striped chub Sectator ocyurus 
(Kyphosidae, Perciformes), from Chamela Bay, Mexico. Megachona n. gen. most closely resembles Beaninema Caspeta-Man-
dujano, Moravec, and Salgado-Maldonado, 2001; Fellicola Petter and Kjilie, 1993; and Rhabdochona Railliet, 1916. The main 
characters that distinguish the new genus from all other rhabdochonids include a longer than wide funnel-shaped prostom and 
cuticular longitudinal ridges of prostom forming anteriorly subterminal massive toothlike structures followed posteriorly by 
irregularly arranged smaller teeth. This finding brings the total number of genera of Rhabdochonidae of marine fish in Mexico 
to 2. The new species is characterized by having a smaller number of cuticular longitudinal ridges in the male prostom than in 
the female prostom, forming massive toothlike structures in its subterminal portion, followed by more minute teeth in the female 
than in the male, a slender tail end with a broad tip, the distal part of the left spicule with a lanceolate end, a straight right 
spicule without a dorsal barb, 1 pair of precloacal and 3 pairs of postcloacal papillae, and a smooth egg surface. 
Genera and species of the Rhabdochonidae Skrjabin, 1946, 
that infect the digestive tract and associated glands of marine 
fishes have been reported from almost all seas of the world 
(Johnston and Mawson, 1945; Campana-Rouget, 1955; Rash-
eed, 1964, 1965; Martin and Zam, 1967; Mamaev, 1968; 
McVicar and Gibson, 1975; Arya, 1991; Petter and Kfllie, 1993; 
Moravec, Borucinska et aI., 2001; Moravec, Salgado-Maldon-
ado et al., 2001; Tanzola and Gigola, 2002; Gonzalez-Solis, 
2004). 
During a survey of the helminth parasites of marine and 
brackish water fishes in Chamela Bay on the west coast of 
Mexico undertaken between 1992 and 1997 (Perez-Ponce de 
Le6n et aI., 1999), 4 adult nematode specimens of a rhabdo-
chonid were found in the intestinal cecae of 2 blue striped chub 
Sectator ocyurus (Jordan and Gilbert, 1882), a pelagic kyphosid 
fish that inhabits mainly tropical and subtropical waters of the 
eastern Pacific. A detailed inspection of this material revealed 
that they actually belong to a new species for which a new 
genus was erected. The description is presented herein. 
MATERIALS AND METHODS 
Collection and fixation of specimens from which the new genus and 
species are described are given in detail in Perez-Ponce de Le6n et al. 
(1999). For the purpose of comparison, additional specimens.of the 
following species of Rhabdochonidae were borrowed from Colecci6n 
Nacional de Helmintos (CNHE), Instituto de Biologia, Universidad Na-
cional Aut6noma de Mexico (UNAM), Mexico City, Mexico: Beani-
nema nayaritense CNHE 3937-3939; lohnstonmawsonia Campana-
Rouget, 1955, CNHE 3552; and Vasorhabdochona cablei Martin and 
Zam, 1967, CNHE 3324 (voucher specimens). Measurements are re-
ported in microns, unless otherwise stated; mean and standard deviation 
appear in brackets where appropriate followed by holotype and allotype 
in parentheses. ~ , 
DESCRIPTION 
Megachona n. gen. 
Diagnosis: Rhabdochonidae Travassos, Artigas and Pereira, 1928. 
Body elongate, thick, with broad cephalic end. Mouth oval, pseudo labia 
absent. A thick cuticular ring completely surrounds mouth, with an in-
ner circlet of 4 papillae; outer submedian papillae present. Vestibule 
Received 17 February 2006; revised 11 July 2006; accepted 30 August 
2006. 
* Laboratorio de Helmintologia, Instituto de Biologia, Universidad Na-
cional Aut6noma de Mexico, Ap. Postal 70-153, c.P. 04510, Ciudad 
Universitaria, Mexico. 
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divided into 2 portions, an anterior longer than wide, thick walled, fun-
nel-shaped prostom and a posterior tubelike mesostom. Subterminal an-
terior part of prostom lined internally with longitudinal thickenings pro-
jecting into buccal cavity as large conical teeth. Smaller teeth with an 
irregular arrangement appear immediately posterior to larger teeth. Bas-
al part of prostom without distinct teeth. Nerve ring surrounding ante-
rior part of muscular esophagus. Deirids large, simple, situated at level 
of posterior half of tubelike mesostom. Males with few pairs of preanal 
and postanal papillae. Caudal alae and area rugosa absent. SpiCUles 
unequal and dissimilar; gubernaculum absent. Female uterus amphi-
delphic, vulva near middle portion of body, muscular vagina directed 
anteriorly. Mature eggs rounded, embryonated. Tail of both sexes long, 
slender, with broad end. Parasites of intestine of marine fishes. 
Taxonomic summary 
Type and only species: Megachona chamelensis n. sp. 
Etymology: The new generic name is derived from the large (mega) 
funnellike prostom (chona). 
Remarks 
Prostomal structure is a defining character among genera of rhabdo-
chonids (Caspeta-Mandujano et al., 2001; Moravec, Salgado-Maldona-
do et ai., 200l). In the most recent account of the members of the 
Rhabdochonidae (Moravec, Salgado-Maldonado et ai., 2001), only 3 
genera possess an expanded anterior vestibular end that forms a funnel-
or barrel-shaped prostom and a posterior narrow tubular part. Those 
genera that include this character are Beaninema, Fellicola, and Rhab-
dochona. The main difference between the aforementioned genera and 
the present material is the structure of the prostom, which is much 
longer and possesses large, massive anterior teeth followed by smaller 
teeth irregularly situated. The present material resembles Beaninema 
because the taxon described herein possesses prostomal teeth, but not 
6 longitudinal thickenings, each forming a small tooth at its anterior 
end situated in the posterior part of the prostom (Caspeta-Mandujano 
et ai., 2001) or large teeth situated in midlength of the prostom (Mo-
ravec, Salgado-Maldonado et ai., 200l). Furthermore, Beaninema pos-
sesses a nerve ring encircling the base of the vestibule, and its tail is 
conical, ending in a mucron. Additionally, Beaninema is a parasite of 
the gall bladder of freshwater fishes, namely, cichlids. It resembles Fel-
licala, but the prostomal teeth of the latter are comparatively much 
smaller and less numerous-to such an extent that they were originally 
described as 6 longitudinal thickenings without mentioning toothlike 
structures (Petter and Kjilie, 1993). Additionally, the present material 
does not possess a gubernaculum, caudal alae are absent, a vulvar ap-
erture is in middle region of body, and the parasite inhabits the intestinal 
cecae of its host. The present material possesses not only more massive 
anterior teeth than Rhabdochona, it possesses numerous smaller teeth 
distributed irregularly, but always behind the former; possesses a small-
er number of caudal papillae; and is a parasite of marine fishes. 
Megachona chameiensis n. sp. 
(Figs. 1-10) 
General: Large nematodes. Body narrow, elongate, with broad ce-
phalic end and slender, tapered, rounded broad caudal end. Cuticle 
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FIGURES 1-5. Megachona chamelensis n. gen., n. sp. Holotype. (1) Anterior end, male. Dorsal. (2) Cephalic end, male. Dorsal. (3) Right 
spicule. (4) Tail, male. (5) Left spicule. Distal tip. Scale in 5 same as in 2. 
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FIGURES 6-10. Allotype. (6) Anterior end, female. Ventral. (7) Cephalic end, female. Ventral. (8) Vulva and vagina. Ventral. (9) Tail, female. 
Ventral. (10) Embryonated egg. All bars represent 0.05 mm. 
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weakly striated at both ends. Mouth oval without pseudolabia. Cuticular 
ring encircles mouth completely with 4 internal submedian papillae. 
Outer external papillae present. Prostom funnel-shaped, thick walled, 
width representing approximately one third of total vestibule length. 
Prostom lined internally with longitudinal thickenings that form ante-
riorly large conical teeth in subterminal position and protruding into 
buccal cavity. Dorsoventral teeth more massive with tricuspid endings, 
whereas those located laterally present single pointed endings. Posterior 
to larger teeth appear a variable number of smaller teeth irregularly 
arranged. Basal part of prostom without distinct teeth. Posterior part of 
vestibule (mesostome) thick-walled, straight, and ending in annular cu-
ticular structure lying on anterior muscular esophagus. Nerve ring sur-
rounding anterior part of muscular esophagus. Deirids large, simple, 
situated asymmetrically at level of posterior half of tubular part of ves-
tibule. 
Male (holotype and 1 paratype): Body 14.2, 18.6 mm (14.2 mm) 
long, 132.9, 152.7 (152.7) wide; prostom 37.5, 40.7 (37.5) long, 14.4, 
15.7 (14.4) wide; prostom length to width ratio 1:2.6 in both specimens 
(1:2.6); vestibule including prostom 161.4, 174.8 (161.4) long. Large 
teeth in anterior prostom arranged into 1 dorsal, 1 ventral, and variable 
number on each lateral side. Dorsoventral teeth massive and tricuspid. 
Deirids 120.2, 139.4 (120.2); excretory pore 107.9 (not observed in 
holotype); nerve ring 169.1, 176.9 (169.1) from anterior end. Esophagus 
represents 12.3, 15.9% 05.9%) of body length. Muscular esophagus 
343.8, 387.5 (343.8) long; glandular esophagus 1.9, 1.9 mm (1.9 mm) 
long, representing YIO to less than YI5 of body length; ratio length of 
glandular to muscular esophagus 1:4.9, 1:5.6 0:5.6). Male tail with 1 
pair of ventral preanal papillae; postanal papillae represented by 3 sub-
ventral pairs. All papilla pairs arranged asymmetrically. Area rugosa 
absent. Spicules unequal; left spiCUle larger, well sclerotized, curved 
outwardly to right, lanceolated and appearing bifurcate, with dorsal 
branch longer than ventral branch. Left spicule 319.8, 402.7 (319.8) 
long, 17.1, 20.4 (17.1) wide. Shaft 247.9, 262.5 (262.5) long, repre-
senting 62%, 82% (82%) of spicule length. Right spicule straight, 109.9, 
114.4 (114.4) long, 20.4, 24.5 (24.5) wide, without dorsal barb in distal 
region. Ratio of left to right spicule length 1:2.8-1:3.6 [1:3.2] 0:3.2). 
Tail long, slender, rounded distal tip broad 296.3, 379.4 (296.3) long. 
Female (allotype and 1 paratype): Body 27.3, 31.4 mm (31.4 mm) 
long, 194.1,262.8 (262.8) maximum width. Prostom 41.1,43.9 (41.1) 
long, 17.7, 18.2 (18.2) wide; prostom length to width ratio 1:2.3, 
1:2.5 0:2.3). Large teeth in anterior prostom arranged into 2 dorsal, 2 
ventral, and variable number on each lateral side. Dorsoventral teeth 
pairs massive and tricuspid. Vestibule, including prostom, 170.6, 185.4 
(170.6) long. Deirids 118.7, 137.3 (137.3); excretory pore 95.5, 122.3 
022.3); nerve ring 181.6, 196.1 (181.6) from anterior end. Esophagus 
represents 7.6,8.6% (7.6%) of body length. Muscular esophagus 414.1, 
439.7 (414.1) long. Glandular esophagus 1.9, 1.9 (1.9) long, represent-
ing 1/14 to YI6 of body length. Glandular-muscular esophagus length ratio 
1:4.3, 1:4.7 0:4.7). Amphidelphic; anterior ovary reaching posterior 
end of muscular esophagus, posterior ovary reaching anal level. Ovarial 
ends folding once. Vulva in middle of body with anterior and posterior 
pointed lips, 16.2, 17.3 mm 07.3 mm) from anterior end; ovijector 
present; vagina directed anteriorly. Eggs almost round, 31.8-32.3 [32.3 
± 1.9] (31.8) long and 24.9-25.4 [24.9 ± 0.8] (25.4) wide, with smooth 
surface. Tail slender, 209.4, 209.8 (209.4), long with broad rounded tip. 
Taxonomic summary 
Type host: Sectator ocyurus (Jordan and Gilbert, 1882) (Kyphosidae: 
Perciformes); blue striped chub. 
Site of infection: Intestinal cecae. 
Type locality: Chamela Bay at 19°40'N, 105°13'W, municipality of 
La Huerta, state of Jalisco, Mexico. 
Prevalence: 50%. 
Date of collection: September 1997. 
Specimens deposited: These worms were deposited in the CNHE as 
Heptochona sp.: holotype, CNHE 3604; allotype, CNHE 5441; para-
types 0 male and 2 females), CNHE 5442. 
Etymology: This species is named after the type locality. 
Remarks 
The presence of a long prostom relative to prostom width found in 
M. chamelensis n. gen., n. sp. is the largest found in marine Rhabdo-
chonidae up to this time. A large prostom length to width ratio among 
marine and some freshwater rhabdochonids (i.e., Heptochona dorabi 
Mamaev, 1968,0.5; Pancreatonema americanum Moravec, Borucinska, 
and Frasca, 2001, 0.8; B. nayaritense 1.2; Johnstonmawsonia africana 
Moravec and Puylaert, 1971, 1.3; V. cablei 1.7; Fellicola longispiculus 
1.7 [calculated from previously reported maximum lengths and widths]) 
is lower compared with M. chamelensis n. gen., n. sp. 2.4-2.6. 
No other rhabdochonid has been reported to possess small, subter-
minal, toothlike structures behind large teeth and a sexually dimorphic 
number of dorsoventral anterior teeth. The number of cuticular ridges 
forming anterior subterminal prostom toothlike structures, especially the 
dorsoventral ones, as well as the number of smaller teeth, appear to be 
sexually dimorphic at the species level in M. chamelensis n. gen., n. sp. 
Among the 10 genera of Rhabdochonidae, 8 contain species that par-
asitize fishes and, from these, only 3 (Beaninema, Prosungulonema 
Roytman, 1963, and Rhabdochona) have species that parasitize fresh-
water fishes. This means that at least 5 genera include species that 
parasitize marine or brackish water fishes (Fellicola, Hepatinema Rash-
eed, 1964; Heptochona Rasheed, 1965; Johnstonmawsonia, and Vaso-
rhabdochona). Only 1 genus parasitizes condrichtians (Pancreatonema 
McVicar and Gibson, 1975; Moravec, Borucinska et aI., 2001). Thus, 
this family at the generic level is mainly marine. Nevertheless, Rhab-
dochona is the most diverse genus of this family, with over 100 species, 
whereas the rest of the genera of the aforementioned family contain 1 
(Beaninema, Fellicola, Hepatinema, Prosungulonema, and Vasorhab-
dochona) to 5 species (Heptochona and Johnstonmawsonia). Therefore, 
this recent finding adds a new genus to Rhabdochonidae from tropical 
and subtropical marine fish and a second genus and species belonging 
to this family that is present in the eastern tropical Pacific, specifically 
in Mexico, with the other being Vasorhabdochona cablei from brackish 
and marine waters from Baja California and Jalisco (Moravec, Salgado-
Maldonado et aI., 2001; Gonzalez-Solls, 2004). 
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TWO NEW SPECIES OF PARASITIC NEMATODES FROM THE DOGTOOTH TUNA 
GYMNOSARDA UN/COLOR (PISCES) OFF THE MALDIVE ISLANDS 
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ABSTRACT: Two new nematode species, Philometra gymnosardae n. sp. (Philometridae) and Heptochona maldivensis n. sp. 
(Rhabdochonidae), are described from the dogtooth tuna Gymnosarda unicolor (RUppell) (Scombridae, Perciformes) from the 
Indian Ocean off the Maldive Islands (Republic of Maldives). The former species is characterized mainly by unequal, conspic-
uously long (859 and 435 /-Lm) spicules; the structure of the caudal end in the male (found in the host's stomach); by markedly 
large, oval cephalic papillae (n = 8) of the outer circle; the presence of a small, anterior bulb on the very long esophagus; and 
2 large caudal projections in the gravid female (parasitic in the host's body cavity). This is the first-known species of Philometra 
whose gravid females are present in the body cavity of tuna fishes. Heptochona maldivensis resembles H. stromatei but differs 
mainly in the position of deirids, shape of the muscular esophagus, character of postanal papillae, length of the left spicule (648 
/-Lm), much larger body measurements, location in the host (stomach), and the host type. Rhabdochona parastromatei Bilqees, 
1971, is synonymized with H. stromatei, whereas Heptochona sindica Akram and Pie de Imprenta, 1988, and H. rivdica Akram, 
1988, are invalid names. Heptochona varmai is transferred to another genus as Rhabdochona varmai (Gupta and Masoodi, 1990) 
n. comb. Rhabdochona varmai, Heptochona schmidtii Arya, 1991, and Rhabdochona marina Lakshmi and Sudha, 1999, are 
considered species inquirendae. 
Recent parasitological examinations of some marine fishes 
from the Indian Ocean off the Maldive Islands (Republic of 
Maldives), carried out by scientists from Austria and Australia 
in March 2005, revealed, in addition to other parasites, several 
nematodes including 2 new species parasitic in the dogtooth 
tuna Gymnosarda unicolor (Riippell) (Scombridae, Perci-
formes), which are described herein. Other nematodes found 
will be dealt with elsewhere. 
The dogtooth tuna is an important tropical reef-associated 
food and game fish (up to 2.5 m long and 131 kg weight) 
distributed in the Indo-Pacific from the Red Sea and east Mrica 
to French Polynesia, north to Japan, and south to Australia 
(Froese and Pauly, 2006). 
MATERIALS AND METHODS 
Fish were caught with long lines by local fishermen in the waters 
around Kuramathi Island (4°3'N, 73"£) in March 2005. Kuramathi is 1 
of the 5 islands of the Rasdhoo Atoll, which is located in the western 
row of Maldivian atolls. The nematodes for morphological studies were 
fixed in hot 4% formaldehyde solution. For light microscopy exami-
nation, nematodes were cleared with glycerine. Drawings were m,!de 
with the aid of a Zeiss microscope drawing attachment. Specimens used 
for scanning electron microscopy (SEM) were postfixed in 1 % osmium 
tetroxide, dehydrated through a graded ethanol series, critical point 
dried, and sputter-coated with gold; they were examined using a JEOL 
JSM-6300 SEM at an accelerating voltage of 15 kV. All measurements 
are in micrometers unless otherwise stated. Fish names follow FishBase 
(Froese and Pauly 2006). 
DESCRIPTIONS' 
Phi/ometra gymnosardae n. sp. 
(Figs. 1, 2) 
Male (l specimen, holotype): Body filiform, whitish, 8.84 mm long, 
and maximum width 57 at middle, slightly tapering at both ends; an-
terior and posterior ends 30 and 18 wide, respectively. Cuticle smooth. 
Mouth small, surrounded by rather large cephalic papillae. Esophagus 
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612 long (7% of body length), with indistinctly bulbous inflation at 
anterior end; esophageal gland not well separated; large-cell esophageal 
nucleus situated 446 from anterior extremity (Fig. 1A). Nerve ring 144 
from anterior end of body. Posterior end of body narrowed, with short 
bursa-like formation provided with pair of small, ventrolateral adanal 
lobes, each containing double papilla; and pair of dorsoventral lobes, 
each probably with a single papilla (Figs. lJ, K). Spicules well scler-
otized, needle-like, brownish, very unequal, with slightly expanded 
proximal ends and sharply pointed distal ends (Figs. 1B, C). Length of 
right spicule 859, of left spicule 435; length ratio of spicules 1:2. Gu-
bernaculum poorly sclerotized, indistinct, about 13 long. 
Female (8 gravid specimens; measurements of allotype in parenthe-
ses): Body of fixed larvigerous specimens filiform, whitish, with round-
ed ends. Cuticle smooth. Body length 148-270 (270) mm, maximum 
width 762-1,646; maximum width:length ratio of body 1:130-207 
(1:207). Oral aperture circular, surrounded by 8 oval, markedly large, 
equally spaced cephalic papillae of outer circle and 4 minute submedian 
papillae of inner circle; small lateral amphids present (Figs. IF, 2A-D). 
Anterior end of esophagus swollen to form well-developed bulb 90-
136 (136) long and 96-163 (150) wide (Figs. 1G, H). Long posterior 
portion of esophagus almost cylindrical, provided with large esophageal 
gland extending anteriorly just posterior to level of nerve ring; nucleus 
of esophageal gland indistinct (Fig. 1D). Overall length of esophagus 
including anterior bulb 3.52-7.21 (7.21) mm, representing 3-4 (3)% of 
body length; maximum width of cylindrical part including esophageal 
gland 68-209 (136). Small ventriculus present, opening into intestine 
through valve. Nerve ring 242-408 (408) from anterior end of body. 
Intestine relatively narrow, light-colored, its posterior end atrophied, 
forming short, translucent ligament attached ventrally to body wall near 
posterior extremity. Posterior end of body somewhat narrowed, rounded, 
with pair of conspicuously large lateral caudal projections (Figs. II, L, 
M, 2E, F). Ovaries long, narrow, reflected. Uterus occupying major part 
of body, usually extending anteriorly to level of nerve ring and poste-
riorly to short distance anterior to intestinal ligament. Uterus filled with 
numerous elongate larvae 598-707 (not measured) long and 12-15 (-) 
wide (n = 5). 
Taxonomic summary 
Type host: Dogtooth tuna Gymnosarda unicolor (Scombridae, Per-
ciformes) (total body length 55-97 cm). 
Site of infection: Body cavity. 
Type locality: Indian Ocean, off Maldive Islands (holotype collected 
8 March 2005). 
Prevalence and intensity: 25% (4 fish infectedJ16 fish examined); 1-
3 specimens per fish. 
Etymology: The specific name gymnosardae is derived from the ge-
neric name of the host fish, i.e., Gymnosarda. 
Deposition of specimens: Holotype, allotype, and 4 paratypes in the 
helminthological collection of the Biology Centre, Institute of Parasi-
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FIGURE 1. Philometra gymnosardae n. sp. (A) Anterior end of male. lateral view. (B-C) Posterior end of male, ventral and lateral views. (D) 
Anterior end of gravid female, lateral view. (E) Larva from uterus. (F) Cephalic end of gravid female, apical view. (G-H) Same, lateral views 
(different specimens). (I) Posterior end of gravid female, ventral view. (J-K) Caudal end of male, ventral and lateral views. (L-M) Caudal end 
of gravid female, lateral views (different specimens). Bars: A, B = 50 [Lm; C, E, F, M = 100 [Lm; D = 500 [Lm; G-I, L = 200 [Lm; J, K = 30 [Lm. 
.. 
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FIGURE 2. Philomelra gYlIlllosardae n. sp., scanning electron micrographs of gravid female. (A ) ephalic end, apica l view (arrow shows 
submedian cephalic papilla of inner c ircle). (8 ) Detail o f cephal ic end, subvenrra l v iew (arrows show minute cephalic papillae of inner circle). 
(C ) ephalic end, ubventral v iew. (D) Detail o f cephalic end, ventrolateral view (arrow shows cephalic papilla of inner circle). (E-F) caudal 
end, lateral and dorsoventral views. a = amphid; b = cephalic papilla of outer circle; 0 = oral aperture. Bars: A = 50 !Lm; E, F = 100 !Lm. 
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tology, ASCR, Cesk€ Budejovice (cat. no. N-865); 2 paratypes in Na-
turhistorisches Museum in Vienna (cat. no. NHMW ZOEV 19.918). 
Heptochona maldivensis n. sp. 
(Figs. 3, 4) 
Male (1 specimen): Larger-sized fusiform nematode with almost 
smooth cuticle. Length of body 28.06 mm, maximum width 340 at 
middle. Cephalic end provided with marked anterior cuticular mound 
surrounding oral aperture, 12 long and 51 wide (Figs. 3A, 4A, C). 
Cephalic end rounded, with 4 small, submedian cephalic papillae and 
pair of lateral amphids around circular oral aperture. Vestibule (stoma) 
comparatively short, thick-walled (thickness 5), 210 long and 21 wide 
at middle, with slightly outlined, small prostom at its anterior end; pros-
tom 21 long and 30 wide, supported internally by longitudinal thick-
enings projecting anteriorly as many (about 30) small, conical circum-
oral teeth (Fig. 3A, E); in apical view, some teeth appearing to form 
fused-together pairs with 2 separate distal ends (Fig. 4D). Posterior end 
of vestibule surrounded by marked, posteriorly narrowing, sclerotized 
ring. Small, simple, spike-like deirids situated slightly anterior to pos-
terior end of vestibule, 185 from anterior extremity (Figs. 3C, 4B). 
Muscular esophagus 366 long, maximum width 99, with broad posterior 
part. Nerve ring encircling muscular esophagus near its anterior end, 
excretory pore situated somewhat more posteriorly (Fig. 3D); nerve ring 
and excretory pore 255 and 309, respectively, from anterior extremity. 
Glandular esophagus broad, 2.65 mm long, maximum width 190 (Fig. 
3B). Length ratio of both parts of esophagus 1:7. Caudal papillae: 1 
pair of subventral preanal papillae and 3 pairs of asymmetrical, ventral 
papillae (Fig. 3J); an additional, unpaired, elongate, posteriorly directed 
median preanal papilla present. Pair of small sub ventral cuticular alae, 
82 long, present at region of cloaca (Fig. 31, J). Area rugosa absent. 
Large (left) spicule 648 long; shaft 180 long, representing 28% of whole 
spicule length. Proximal end of this spicule somewhat distended, cup-
shaped; distal end sharply pointed; posterior part of left spicule provided 
with wide ventral ala ending posteriorly some distance anterior to spic-
ule tip (Fig. 3F, G). Small (right) spicule boat-shaped, 114 long and 24 
wide, with somewhat narrowed distal end (Fig. 3H). Length ratio of 
spicules 1:5.7. Gubernaculum absent. Tail conical, 549 long, with sharp-
ly pointed tip. 
Female (2 body fragments of 1 specimen): Length of both body frag-
ments altogether 34.14 mm long, maximum width 721. Cuticle almost 
smooth, without papilla-like ornamentations. Uterus filled with large 
number of eggs. Mature eggs oval, thick-walled, embryonated, size 36-
39 X 24, thickness of egg wall 3 (Fig. 3K). Tail conical, 462 long, with 
sharply pointed tip (Fig. 3L). 
Taxonomic summary 
Type host: Dogtooth tuna Gymnosarda unicolor (Scombridae, Per-
ciformes) (total body length 115 cm). 
Site of infection: Stomach. 
Type locality: Indian Ocean, off Maldive Islands (9 March 2005). 
Prevalence and intensity: 6% (1 fish infectedJ16 fish examined); 2 
specimens. 
Etymology: The specific name maldivensis relates to the country of 
its origin, Le., the Maldives. 
Deposition of types: Holotype and allotype in the helminthological 
collection of the Biology Centre, Institute of Parasitology, ASCR, Cesk€ 
Budejovice (cat. no. N-866). • , 
DISCUSSION 
At present, Philometra Costa, 1845, comprises a total of 68 
valid species parasitic to freshwater, brackish-water, or marine 
fishes (Moravec, 2006). Philometra gymnosardae n. sp. can be 
easily distinguished from all species where the male is known, 
except for P. katsuwoni Petter and Baudin-Laurencin, 1986, by 
its unusually long spicules. However, the right spicule of the 
latter species is at least twice as long as that in P. gymnosardae 
(1,750-2,080 vs. 859 !Lm), whereas the left spicule is markedly 
shorter (76-95 vs. 435 !Lm); the length ratio of spicules in P. 
gymnosardae is 1 :2, whereas that in P. katsuwoni is 1 :20-32. 
Both species also differ by the location in the host (body cavity 
vs. ovary). Philometra katsuwoni, described from males and a 
juvenile female only, is a parasite of the skipjack tuna Katsu-
wonus pelamis (Linnaeus) in the Gulf of Guinea (Petter and 
Baudin-Laurencin, 1986). The only other species of philome-
trids with very long spicules, comparable to those in P. gym-
nosardae, is Alinema amazonicum (Travassos, 1960), which is 
parasitic in the body cavity of neotropical freshwater catfishes. 
However, the structure of the male caudal end is very different, 
as is the morphology of gravid females (Moravec et al., 2006). 
However, many species of Philometra are known by their 
females only, with the males remaining unknown (Moravec, 
2004, 2006). Females of P. gymnosardae can be distinguished 
from those of other congeneric species by the combination of 
some features, such as, for example, the presence of markedly 
large cephalic papillae, a distinct anterior esophageal bulb, a 
very long esophagus, conspicuously large caudal projections, 
and the body length of gravid specimens. Differences between 
P. gymnosardae and other congeners are more apparent from 
the keys provided by Moravec et al. (2004) and Moravec 
(2006). 
Philometra gymnosardae is the first species of Philometra 
from tuna fishes, the gravid females of which are located in the 
host's body cavity. Garg (1983) inadequately described Philo-
metra rasheedae from the males found in the intestine of 
"Uthynus sp." (probably = Euthynnus sp.; see Petter and Bau-
din-Laurencin, 1986) from the Arabian Sea off the Indian coast 
(Goa); in contrast to P. gymnosardae, the spicules of P. rash-
eedae are equally long and markedly shorter (60-67 !Lm). The 
only 2 other species of Philometra from tuna fishes are Philo-
metra macroandri (Shchepkina, 1978), characterized by sube-
qual, short spicules (55-70 and 50-62 !Lm), from the gonads 
of albacore Thunnus alalunga (Bonnaterre) and yellowfin tuna 
T. albacares (Bonnaterre) from the Atlantic Ocean (Central At-
lantic, Gulf of Guinea) (Shchepkina, 1978; Petter and Baudin-
Laurencin, 1986), and P. katsuwoni Petter and Baudin-Lauren-
cin, 1986, from the ovary of skipjack tuna Katsuwonus pelamis 
(see above). An unidentified Philometra sp., female, 98 cm 
long, was collected from the skipjack tuna in the Maldives (A. 
Hafiz, pers. comm.; Marine Research Section, Ministry of Fish-
eries, Republic of Maldives). Philometra sp. was also recorded 
from the kawakawa Euthynnus affinis (Cantor) (see host-para-
site database, Natural History Museum, London, U.K.). 
From other fishes of the family Scombridae, Philometra spp. 
have been recorded from mackerels, i.e., Philometra scomber-
omori (Yamaguti, 1935) from the ovary of Scomberomorus si-
nensis (Lacepede) in Japan (Yamaguti, 1935), P. globiceps (Ru-
dolphi, 1819) and Philometra sp. from the Spanish mackerel 
Scomberomorus maculatus (Mitchill), and Philometra sp. from 
the Atlantic mackerel Scomber scombrus Linnaeus and the chub 
mackerel Scomber japonicus Houttuyn (see Moravec, 2006). 
Males of these philometrids are unknown: 
Heptochona Rasheed, 1965, was erected by Rasheed (1965) 
to accommodate the newly described species H. stromatei 
Rasheed, 1965, found in the body cavity of the black pomfret 
Parastromateus niger (Bloch) (Carangidae, Perciformes) from 
the coast of Karachi, Pakistan. Later, Kalyankar (1972), based 
on specimens from the body cavity of the same host species 
(P. niger) from India (Bombay), described another species, H. 
yamagutii Kalyankar, 1972, differentiating it from H. stromatei 
• 
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FIGURE 3. Heptochona maldivensis n. sp. (A) cephalic end, lateral view. (B) Anterior part of body, lateral view. (C-D) Anterior end of male, 
lateral views. (E) Oral aperture, apical view (reconstructed from SEM micrograph). (F-G) Proximal and distal end of large (left) spicule. (H) 
Small (right) spicule. (I) Region of cloaca with median preanal papilla and ala, lateral view. (J) Caudal end of male, lateral view. (K) Egg. (L) 
Tail of gravid female, lateral view. Bars: A, K = 30 /Lm; B, L = 200 /Lm; C, D, J = 100 /Lm; E = 5 /Lm; F-I = 50 /Lm . 
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FIGURE 4. H eplOcliona lIlaldivellSis n. sp. , scanning electron micrographs of male. (A ) Cephalic end, apica l view. (8 ) Deirid. (C ) Cephalic 
end, lateral view. (D) Detail of teeth in buccal cavity, apica l view. c = cuticu lar mound surrounding oral aperture. Bars: B = 4 f.Lm ; C = 10 f.Lm ; 
D = 2 f.Lm . 
by somewhat greater body mea urements and more numerou 
preanal papill ae. However, the number and di stribution of cau-
dal papillae in H. yamagutii was que. tioned by Moravec ( 1975) 
and , ub eq uently, thi spec ies wa synonymi zed by Soota 
( 1983) with H. s fromatei. 
Bilqee ( 1979) described Rhabdochona parastroma fei Bil-
qees, 1979, fro m the intestine of Parastromateus nige"r from 
Karachi , Pakistan , and later he (Bilqee , 1982) reported it 
again from the ame ho t pecie and from the c iaenid fish 
Ololifhes ruber (Bloch and Schne ider) (reported as O. argen-
teus) from the ame locality. Although the description is inad-
equate, the pre ence of the c ircumoral cuticul ar mound and the 
structure of the esophagus show clearly that, in fact , it wa a 
species of HeplOchona . With the ~~cepti on of the caudal pa-
pillae, which were evidently incorrectl y described, the general 
morphology is in agreement with that of H. s fromatei. Because 
the ho t pec ie and locality are a lso identi ca l, Rhabdochona 
parastromatei Bilqees, 1979, is con idered a junior synonym of 
H. stromafei. Bilqee ( 1995) reported Heptochona rivdica Ak-
ram, 1988, from Parastromateus niger in PalO tan , but she 
probably mi pe lled the name Heptochona sindica u ed for an 
alleged ly new pecie from P. niger in Paki tan by Akram and 
Pie de Imprenta ( 1988). Because the latter wa used only in 
conference material , both the e name are inva lid according to 
the ICZ . Apparently, the worm designated by these 2 names 
were a lso con pecific with H. stromatei. 
Mamaev ( 1968) established a new rhabdochonid genus Pon-
tochona Mamaev, 1968, with 2 new pecies, P. dorabi Ma-
maev, 1968, and P. cauda fa Mamaev, 1968, from the digesti ve 
tract of Ch.irocentrus dorab (For skill) (Chirocentridae, Clupei -
forme) and Thunnus thynnus (Linnaeu ) (Scombridae, Perc i-
forme ), re pectively, fro m the South China Sea. The third spe-
c ie , P. squa/ogadi So lov'eva, 1978, from Squalogadus modi-
fica tus Gilbert and Hubbs (Macrouridae, Gad iformes) fro m the 
north Pac ific Ocean ea t of Japan, was added to this genus by 
Solov' eva ( 1978). However, Chabaud ( 1975) and Moravec 
( 1975) independently synonymized Pontochona with Hepto-
chona, and thi ynonymy i generally accepted (e.g., Ca peta-
Mandujano et a I. , 200 I , Moravec et aI. , 200 I). 
Another species of Heptochona, H. va rmai Gupta and Ma-
soodi , 1990, wa described from a ingle male specimen found 
in the inte tine of the freshwater catfi sh Rita rita (Hamilton) 
(Bagridae, Siluriformes) in India (Gupta and Masoodi , 1990). 
However, it i clear from the de c ripti on and illustrations, a 
well as from the ho t type (a fre hwater fi h), that it wa not a 
Heptochona pecie , but the juvenile male of a Rhabdochona 
Raj llie t, 19 16, a spec imen undergoing the last molt. Therefore, 
it is transferred to this genus as Rhabdochona varmai (Gupta 
and Masoodi, 1990) n. comb., and it is con idered a spec ie 
inquirenda. It may well be that thi specie is identica l with 
Rhabdochona magna Khan and Yaseen, 1969, ba ed on females 
fro m the ame host pecies (R. rita ) and the ame geographical 
• 
region (Bangladesh) (Khan and Yaseen, 1969). Moravec (1975) 
considered R. magna a species inquirenda and possibly conspe-
cific with R. garuai Agrawal, 1965; the morphology and mea-
surements of R. varmai seem to support this assertion. Arya 
(1991) incorrectly synonymized H. (= R.) varmai with H. ya-
magutii (a synonym of H. stromatei). 
The last species of Heptochona, H. schmidtii Arya, 1991, 
was described by Arya (1991) from specimens found in the 
intestine of the Indian pike conger Muraenesox (= Congesox) 
talabonoides (Bleeker) (Muraenesocidae, Anguilliformes) off 
the coast of the Indian Ocean in India. However, its description 
is poor, and it should be considered a species inquirenda. An-
other poorly described nematode from an Indian marine fish 
assigned to Rhabdochonidae is Rhabdochona marina Lakshmi 
and Sudha, 1999, from the intestine of the Vanikoro sweeper 
Pempheris vanicolensis Cuvier (Pempheridae, Perciformes) 
(Lakshmi and Sudha, 1999); its generic appurtenance is evi-
dently incorrect (Rhabdochona spp. are exclusively parasites of 
freshwater fishes) and, most likely, it is an Ascarophis-like 
nematode (Habronematidae); this species is considered a spe-
cies inquirenda. 
Consequently, it follows from the above discussion that only 
the following 4 species of Heptochona can be considered valid: 
H. stromatei Rasheed, 1965; H. caudata (Mamaev, 1968); H. 
dorabi (Mamaev, 1968); and H. squalogadi (Solov'eva, 1978). 
Of them, the last 3 species can be easily distinguished from the 
new species by the absence of a circumoral cuticular mound 
and male caudal alae; moreover, the left spicule of H. squalo-
gadi is much longer (l.19-l.72 mm) and that of H. caudata, 
much shorter (0.12 mm). Moreover, the cuticle of H. caudata 
and H. dorabi is covered with numerous minute digit-shaped 
or papilla-like formations. 
The general morphology of H. maldivensis n. sp. resembles 
that of H. stromatei, but there are distinct differences between 
them, i.e., the body length of the former is considerably greater 
(the male is approximately twice as long as that of H. stromatei, 
and the body fragments of an incomplete female are more than 
34 mm long, whereas the female of H. stromatei is at most 21 
mm long [up to 30 mm according to Kalyankar, 1972]). They 
also differ in the position of deirids (well anterior to the v~s­
tibule end vs. at level of the nerve ring), shape of the muscular 
esophagus (much broader at its posterior part vs. of the same 
diameter throughout), character of pairs of postanal papillae 
(considerably asymmetrical vs. almost symmetrical as illustrat-
ed by Rasheed, 1965), length of the left spicule (510-580 vs. 
648 /-Lm) and the female tail (190-280 vs. 462 /-Lm), and some-
what in the shape of fully developed el,U~s (37-38 X 18-19 vs. 
36-39 X 24 /-Lm). Both species also differ in the family of their 
fish hosts (Scombridae vs. Carangidae) and in the site of infec-
tion (stomach vs. body cavity). 
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A NEW SPECIES OF POMPHORHYNCHUS (ACANTHOCEPHALA: 
PALAEACANTHOCEPHALA) IN FRESHWATER FISHES FROM CENTRAL CHILE 
Viviana L. Olmos and Evelyn M. Habit 
Departamento de Zoologia, Centro EULA, Facultad de Ciencias Naturales y Oceanograficas, Universidad de Concepci6n, Casilla 160, 
Concepci6n, Chile. e-mail: volmos@udec.cI 
ABSTRACT: This study describes a new species of Pomphorhynchus collected from Percilia gillissi Girard, 1855 from the Zafiartu 
canal, between the sister basins of the Itata and Laja rivers, in central Chile. Pomphorhynchus moyanoi n, sp, is characterized 
by an asymmetrical, well-differentiated subspherical bulb and 12-14 longitudinal rows of 13-14 hooks; the third and the fourth 
hook in each row are stout. Among South American species, p, moyanoi n. sp, shows some similarities to the Chilean species 
p, yamagutii Schmidt & Hugghins, 1973, but it differs in having a longer neck, larger bulb, and different proboscis armature 
arrangement. Pomphorhynchus moyanoi n, sp, differs from p, patagonicus Ortubay, Ubeda, Semenas & Kennedy 1991, in the 
bulb shape (protuberances), number of rows, fourth hook size and basal hook size. Pomphorhynchus moyanoi n. sp. also differs 
from P. sphaericus in the arrangement of hooks (number of rows and hooks per row), length and width of the proboscis, neck 
width, and symmetry of the bulb. 
Species of Pomphorhynchus Monticelli, 1905 are widely dis-
tributed, occurring in the Middle East, south of Asia, Europe, 
and North and South America (Petrochenko, 1956; Yamaguti, 
1963; Amin et aI., 2003). Members of this genus are mostly 
parasites of freshwater fishes. Only 1 species, P. dubious Kaw, 
1941, occurs in amphibians, and 4 species parasitize marine or 
estuarine fishes (Amin, 1985; Amin et a!., 2003). In South 
America, 3 species have been described: P. yamagutii, P. pa-
tagonicus, and P. sphaericus. Pomphorhynchus yamagutii 
Schmidt & Hugghins, 1973, was reported once in Percichthys 
melanops Girard, 1854 from the Malleco River in Chile. Pom-
phorhynchus patagonicus Ortubay, Ubeda, Semenas & Ken-
nedy 1991 is a widespread freshwater species throughout the 
Patagonian region of Argentina. It has been described in 4 au-
tochthonous fish species, i.e., Patagonina hatcheri (Eigenmann, 
1909), Percichthys trucha (Valenciennes, 1833), Galaxias pla-
tei Steindachner, 1898, and Hatcheria macraei (Girard, 1855), 
and in 2 introduced salmonids, i.e., Oncorhynchus mykiss (Wal-
baum, 1792) and Salvelinus fontinalis (Mitchill, 1814). Pom-
phorhynchus sphaericus Pertierra, Spatz & Doma, 1996 is a 
coastal species found in several fishes from De La Plata River, 
Argentina; in freshwater autochthonous fishes, i.e., Pimelodus 
maculatus Lacepede, 1803, Pimelodus albicans (Valenciennes, 
1840), Iheringichthys platanus Steindachner, 1908, and Luciop-
imelodus pati (Valenciennes, 1836) (Siluriformes: Pimelodi-
dae). Pomphorhynchus sphaericus has a symmetrical bulb, like 
all North American species, i.e., Pomphorhynchus bulbocolli 
Linkins in Van Cleave, 1919, Pomphorhynchus rocci Cordonier 
& Ward, 1967, and Pomphorhynchus lucyi Williams & Rogers, 
1984, as in the most species of the gellJ.lo8. Recently, Lunaschi 
(1997) described Pomphorhynchus patii. However, Amin et aL 
(2003) suggested that P. patii is a junior synonym of P. sphaer-
icus because they have similar morphometric measurements. 
Moreover, the description of P. patii did not include compari-
sons with P. sphaericus or the North American species P. bul-
bocolli, P. TOcci, and P. lucyi, 
A new freshwater acanthocephalan species, with an asym-
metrical sub spherical bulb, found in freshwater fishes from Zafi-
artu canal in Central Chile, is described herein. 
Received 17 March 2006; revised 17 July 2006; accepted 17 July 
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MATERIALS AND METHODS 
In June 2005, 15 PerciZia gillissi Girard, 1855, were collected from 
the Zafiartu irrigation canal (37°06'S; 72°13'W), which connects the 2 
sister basins of the Laja and Itata rivers, in central Chile. Fish were 
collected using an electrofishing device, taken alive to the laboratory, 
and examined within 4 to 6 hr after the capture. The acanthocephalans 
were removed from the intestinal wall, washed with saline solution, 
refrigerated in cold water for 12 hr, fixed in alcohol-formalin-acetic 
acid, stained with acid carmine, cleared with 4% HCI in 70% ethanol, 
dehydrated with ascending concentrations of ethanol, cleared in increas-
ing concentrations of toluene in 100% ethanol to 100% toluene, placed 
in 50% toluene and 50% Canada balsam, and finally mounted in Canada 
balsam. Illustrations were made using a camera lucida. All morpho-
metric measurements are in micrometers, unless otherwise indicated. 
The range is followed by the mean in parentheses. Length measure-
ments are given before width. Specimens of this study were compared 
morphometrically with P. patagonicus from Galaxias maculatus (Jen-
yns, 1842) and P. yamagutii from Percichthys trucha (Valenciennes, 
1833). The samples of P. patagonicus were given by L. Semenas (Uni-
versidad Nacional del Comahue, Bariloche, Argentina). from her per-
sonal parasitological collection. Three specimens of P. yamagutii were 
obtained from the Museum of Zoology, Universidad de Concepcion 
(MZUC-UCCC 29184). Scanning electronic microscopy (SEM) was ap-
plied for 3 South American species, i.e., the new species of this study, 
P. yamagutii, and P. patagonicus. The original descriptions of the last 
2 species do not include any SEM micrographs. 
DESCRIPTION 
Pomphorhynchus moyano; n. sp. 
(Figs. 1-4) 
Diagnosis (based on 21 specimens): Pomphorhynchidae Yamaguti, 
1939, with characteristics of genus. Fresh individuals orange, more in-
tense in older worms. Body wall particularly thick and did not allow 
observation of internal structures by light microscopy. Four specimens 
were considered as juvenile because they did not exhibit distinct sexual 
characters. Trunk cylindrical with anterior region swollen (Fig. 1); 2.15-
6.75 mm (3.8) long and 0.55-1.65 mm (890) wide. Proboscis (Fig. 3) 
enlarged in anterior third, slightly cylindrical 440-840 (655) long, and 
95-265 (190) wide, with 12-14 longitudinal rows of each 13-14 hooks 
(rarely 12 and 13). Armature nearly equal in both sexes. Hooks with 
simple root slightly spiral between alternating longitudinal rows (Fig. 
5A). First and second hooks in shorter row and first, second, and third 
hooks in longer row, short, 16-47 (33) long and 5-5 (11) wide. Third 
hook in shorter row, and fourth hook in longer row characteristically 
stout; 31-44 (38) long and 10-21 (15) wide. Fourth and fifth hooks in 
shorter row and fifth and sixth hooks in longer row shorter and more 
slender than in preceding series; 34-59 (44) long and 8-16 (11) wide. 
Seventh and subsequent hooks in shorter row and eighth and subsequent 
hooks in longer row 31-62 (48) long and 8-16 (10) wide. Last hook 
of each row longest, 49-62 (55) long and 10-13 (12) wide. Neck (be-
tween proboscis and body, sensu Petrochenko, 1956) uniformly cylin-
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FIGURES 1~4. Pomphorhynchus moyanoi n. sp. from PerdUa gillissi in Chile. (1) Male (holotype). (2) Mature female. (3) Proboscis. (4) Egg. 
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FIGURE 5. Entire longitudinal row of proboscis hooks. (A) Pom-
phorhynchus moyanoi n. sp. (B) Pomphorhynchus yamagutii taken from 
Schmidt and Hugghins (1973). (C) Pomphorhynchus patagonicus taken 
from Ortubay et al. (1991). (D) Pomphorhynchus sphaericus taken from 
Pertierra et al. (1996). Bar = 100 fLm. 
drical from trunk, forming unusual and well-differentiated dorsal asym-
metric bulb (Fig. 6A) posterior to proboscis. Bulb without protuberances 
or other irregularities. Same characteristics of bulb observed in all spec-
imens before and after fixation. Mean neck: body ratio 0.3. Proboscis 
receptacle extends from neck deeply into trunk, 0.210-1.05 mm (470). 
Lemnisci subequal, about 0.45-1.35 mm (735) long and 65-260 (140) 
wide, claviform, and extending beyond proboscis receptacle. Sexual di-
morphism discernible. • , 
Male (based on 12 mature males): Body 3.95-8.9 mm (6.3) long. 
Proboscis 440-790 (620) long and 95-265 (185) wide. Neck 1.2-2.5 
mm (1.9) long and 210-370 (285) wide. Bulb 0.5-1.5 mm (1) long and 
0.35-1.3 mm (825) wide. Trunk 2.15-6 mm (3.8) long and 0.55-1 mm 
(820) wide in anterior region and 230-525 (335) wide in posterior re-
gion; proboscis receptacle 1.4-3.5 mm (2.3) long and 75-370 (210) 
wide. Anterior testis 230-840 (420) long and 105-460 (260) wide, on 
the middle of trunk. Posterior testis 210-790 (410) long and 75-475 
(260) wide. Six pyriform cement glands with cylindrical core 100-350 
(245) long. Gonopore terminal. 
Female (based on 9 gravid specimens): Body larger than male, 4.0-
9.8 mm (6.4) long (Fig. 2). Proboscis 610-840 (705) long and 140-
265 (200) wide. Neck 1.25-2.6 mm (2) long and 210-410 (290) wide. 
Bulb 0.85-1.8 mm (1.2) long and 0.3-1.25 mm (760) wide. Trunk 2.15-
6.75 mm (3.8) long and 0.68-1.65 mm (980) wide in anterior region 
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and 285-850 (450) wide in posterior region; proboscis receptacle 1.4-
3.6 mm (2.5) long and 95-410 (220) wide. Gonopore terminal. Eggs 
fusiform, 85-100 (88) long, and 10-16 (13) wide, with polar prolon-
gation (Fig. 4). All specimens gravid; only 3 had a few eggs. 
Taxonomic summary 
Type host: Adults of Percilia gillissi Girard, 1855 (Perciliidae). 
Type locality: Zaiiartu Canal (37°06'S; nOI3'W), central Chile. 
Site of infection: Attached to intestinal wall, with body in intestinal 
lumen and neck and proboscis penetrating into or through intestinal 
wall. Some acanthocephalans produce strong encapsulation reaction, 
generating deformities in a few cases or atrophy of proboscis and/or 
bulb and/or body; 90% of the parasites and 100% of the mature para-
sites presented this encapsulation, and only 2 specimens showed defor-
mities. 
Prevalence and intensity: Prevalence 33% (n = 15) and intensity 4 (2-
15). There was not a significant correlation between fish body size and 
parasite intensity (Spearman correlation, n = 15, R = 0.053, P = 0.93). 
Specimens deposited: Parasite Collection, Museum of Zoology, Uni-
versidad de Concepcion, Concepcion, Chile, MZUC-UCCC 29182, ho-
lotype, and MZUC-UCCC 29183, paratypes. Fish Collection, Museum 
of Zoology, Universidad de Concepcion, Concepcion, Chile, MZUC-
UCCC 29185, symbiotype. 
Etymology: The species is named in honor to a Chilean invertebrate 
zoologist, Hugo 1. Moyano, Universidad de Concepcion, Concepcion, 
Chile. 
Remarks 
Pomphorhynchus moyanoi n. sp. has sufficient distinct morphological 
and morphometric characteristics to be recognized as a new species. 
This species of acanthocephalan is distinguished mainly by the long 
neck forming a large, asymmetrical, and subspherical sharply delimited 
bulb, and by the arrangement of the hooks on the proboscis. Pompho-
rhynchus moyanoi n. sp. differs from previously described species in 
having 12 to 14 slightly spiraling alternated longitudinal rows of 13 and 
14 hooks each. The most distinctive morphological characteristic is the 
large, subspherical, and asymmetrical dorsal bulb that has not been de-
scribed in any other species of the genus. Pomphorhynchus and Pyri-
proboscis are the only genera of Pomphorhynchidae that form a true 
bulb (see Yamaguti, 1963; Amin, 2003). The bulb and all praesoma 
structures are responsible for the attachment of the worm to the intes-
tinal mucosa (Miller and Dunagan, 1985). Therefore, variations in the 
characteristics of the bulb could have a strong impact in the persistence 
of the host species in which it occurs. 
The long neck, asymmetrical bulb, and lower number of hooks per 
row distinguish P. moyanoi from North American species. Pompho-
rhynchus bulbocolli and P. rocci have short necks and symmetrical 
bulbs, whereas P. lucyi has a small bulb and greater number of hooks 
per row (20-23 vs.13-14). The South American species of Pompho-
rhynchus include 1 Chilean species (P. yamagutii) and 2 Argentinean 
species (P. patagonicus and P. sphaericus). They are characterized by 
an asymmetrical bulb (besides P. sebastichthydis Yamaguti, 1939). 
Pomphorhynchus moyanoi n. sp. is clearly distinguished from P. ya-
magutii in that P. moyanoi has a long neck and shorter body length 
than P. yamagutii (Table I). Thus, the neck body ratio greatly varied 
between these 2 species; the neck length proportion was one third for 
P. moyanoi and one eighth for P. yamagutii (Fig. 6A, B). The descrip-
tion of Ortubay et al. (1991) confirms that P. patagonicus (Fig. 6C) 
possesses 2 protuberances on the bulb, a regular number of hooks per 
row (13-14 vs. 14), and the absence of basal hooks (Table I), in contrast 
to P. moyanoi. Pomphorhynchus sphaericus differs from P. moyanoi, 
particularly in the length and width of the neck, symmetry of the bulb, 
and the number of hook rows (12-14 vs. 12) (Table I). Additionally, P. 
sphaericus is the only species that has roots of hooks formed by a wide 
sheet that splits into 2 parts (Fig. 5D) within the all American species. 
Among the non-American species, P. sebastichthydis of marine fish 
from Japan shows some similarities to P. moyanoi with respect to its 
long neck, asymmetric bulb, and proboscis armature. However, the de-
scriptions and illustrations by Yamaguti (1963) and Schmidt and 
Hugghins (1973) reveal that P. moyanoi differs from P. sebastichthydis 
by possessing more hook rows (12-14 vs. 11-12), more hooks per row 
• 
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FtG RE 6. EM of the body of an adult (A) Pomphorhynchus moyalloi n. sp. from Percilia gillissi in Chile. (B) Pomphorhynchus yamagutii 
fro m Percichthys trLlcha in Chile. (C ) Pomphorhynchus patagonicus from Galaxias maculatus in Argentina. Bar = I mm. 
( 13-14 vs. 10- 12), and a stout fourth hook (vs. a normal slender). Thus, 
thi tructure of P. moyanoi is unique among the species of the genus. 
Two kinds of evidence suggest that P. lI1oyanoi n. sp. is autochtho-
nous. First, pecies of PomphorhynchLls have not yet been found in any 
introduced fi sh species (Torres, 1995; Olmos and Munoz, 2006). Sec-
ond, the most probable intermed iate host is the endemic amphipod Hy-
allela costera Gonzalez & Watling, 200 1. Hyalella is the only epigean 
freshwater amphipod genus recorded in Chile (Gonzalez and Watling, 
200 I ; Jara et a I. , 2006). Therefore, we consider Hyalella as the only 
most suitab le inte rmediate host for P. moyanoi n. sp. The re tricted 
presence of P. moyanoi n. sp. in native fishes strongly uggests that it 
is an autochthonous species. 
Like P. patagonicus, the new species is confi ned to the Austral sub-
region of South America. PompllOrhynci1us moyanoi n. sp. occurs in 
ri ver located in the south central ichthyogeographic endemic area (sen-
su Dyer, 2000), i.e., the lLata and Laja rivers, which belong to the ltata 
TABLE I. Morphometric ranges of Pomphori1ynchus moyal1oi n. p. and South American species of PomphorhYl1chLls. 
P.llloyanoi 
Character n. sp. 
Body length 3,950- 9,800 (6,400) 
Trunk length 2, 150- 6,750 (3,800) 
Trunk width 550- 1,650 (890) 
Proboscis length 440- 840 (655) 
Rows 12- 14 
Hooks per row 13- 14 
Hooks 1-3/ 1- 2 length 16-47 (33) 
Hooks 4°/3° length 3 1- 44 (38) 
Hooks 5°/4° length 34- 59 (44) 
6°and 7° hook length ~, 3 1- 62 (48) 
8° and sub equent hooks length 3 1- 62 (48) 
Basa l hooks length 49- 62 (55) 
Mean neck:body ratio 0 .3 1 ( 1/3) 
Bulb length 500- 1,800 ( 1, 100) 
Bulb width 300- 1,300 (825) 
eck length 1,200- 2,600 (2,000) 
Proboscis receptacle length 1,4 10- 3,650 (2,470) 
Lemnisci length 450- 1,350 (735) 
Anterior testi s length 230- 840 (420) 
Eggs length 85- 100 (88) 
Eggs width 10- 16 ( 13) 
* Based on the figure of the original descriplion. 
t Does not apply. 
P. yamagLltii 
Schmidt & 
Hugghins, 1973 
7,000- 12,500 
(5,200)* 
600- 920 
640- 920 
12- 14 
9- 10 
32- 70 
50- 70 
50- 70 
60- 65 
60-65 
55- 70 
0. 125 ( 1/8) 
400- 575 
440- 550 
800- 1300 
1,200- 1,400 
2- 2.5* 
600- 880 
66-70 
8- 10 
P. patagonicus 
Ortubay 
et a I. , 199 1 
5,900- 16,600 ( 11 ,500) 
2.800- 14,300 (7,750) 
600- 2,400 ( 1,300) 
500- 1, 100 (800) 
14 
13- 14 
26-64 (41) 
29- 50 (42) 
38- 76 (5 1) 
38-93 (60) 
38-93 (60) 
-t 
0.3 1 ( 1/3) 
700- 2,580 ( 1,300) 
500- 12, 190 ( I ,300) 
1,800- 4,900 (3,500) 
2,200-6,450 (4,050) 
130- 800 (400) 
300- 1,400 (700) 
85- 130 ( 106) 
12- 2 1 ( 15) 
P. sphaericLls 
Pertie rra 
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and Biobio basins, respectively, The distribution of P, moyanoi n. sp. 
seems to be highly restricted. It is probably associated with 2 aspects 
of this host-parasite system, i.e., low movement capacity of P. gillissi, 
which is a strictly freshwater species that completes its life cycle within 
streams (Arratia, 1982) and the presence of intermediate host in the 
same habitats. 
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TWO NEW SPECIES OF AUSTROBDELLA (HIRUDINIDA: PISCICOLIDAE) FROM CHILE 
Julianne I. Williams, Paula M. Urrutia*, and Eugene M. Burreson 
Virginia Institute of Marine Science, College of William and Mary, Gloucester Point, Virginia 23062. e-mail: juli@vims.edu 
ABSTRACT: Austrobdella coliumicus n. sp. is described from Coliumo Bay, Chile. It is characterized by a continuous, external 
coelomic canal (=marginal lacuna), 5 pairs of testisacs, accessory gland cells, a body not distinctly divided into trachelosome 
and urosome, 2 pairs of dorsal ocelli on the trachelosome, dorsal and ventral segmental ocelli present on the urosome, green 
overall pigmentation with transverse brown bands, and the absence of conducting tissue. Austrobdella coliumicus is distinguished 
from other species of Austrobdella by the presence of 2 pairs of ocelli on the trachelosome and a more cylindrical body. It is 
unusual that this leech was collected from inside the mantle cavity of the razor clam, Ensis macha. Austrobdella losmoliniensis 
n. sp. is described from the electric ray, Discopyge tschudii, collected at Los Molinos, Chile. It is characterized by a continuous, 
external coelomic canal; 5 pairs of testisacs; accessory gland cells; a body distinctly divided into trachelosome and urosome; 1 
pair of eyes on the oral sucker; overall black pigmentation with unpigmented areas; and the absence of conducting tissue. 
Austrobdella losmoliniensis can be distinguished from other species of Austrobdella by the combination of I pair of eyes on the 
oral sucker and black pigmentation. 
Over the past 150 yr, 4 genera and 7 species of piscicolid 
leeches have been reported from Chile. Baird (1869) reported 
and described the first piscicolid leech from Chile, Stibarob-
della planodiscus (Baird, 1869). A single specimen is in the 
annelid collection of the British Museum, but no host infor-
mation is available. The next species to be described from Chile 
was Platybdella chilensis Moore 1910. The species was poorly 
described, with little internal anatomy noted and external fea-
tures obscured by poor preservation (Moore, 1910). Only 2 
specimens were used for the description, a poorly preserved 
specimen that served as the type and another specimen that was 
dissected, but so poorly preserved that no useful information 
could be inferred (Moore, 1910). Unfortunately, the type spec-
imen was destroyed in a fire. Ringuelet (1944) published a syn-
opsis of leeches from Argentina, Brazil, Chile, Paraguay, and 
Uruguay. The only species listed from Chile was P. chilensis. 
Ringuelet referred to P. chilensis as Platybdella? chilensis but 
provided no explanation as to the reason for doubting the ge-
neric designation and only repeated the description provided by 
Moore (1910). Ringuelet (1985) later had access to more spec-
imens and was able to provide a slightly more detailed descrip-
tion, including number of testisacs, length of ovisacs, and an-
nulation. 
The third genus to be reported from Chile was Branchellion. 
Callorhinchus callorynchus Meuschen 1778 (= Calorhynchus 
calorhynchus) served as the host for 2 species (Szidat, 1972), 
Branchellion lobata Moore 1952, and Branchellion callorhyn-
chus Szidat 1972. Ringuelet (1985) later described a new spe-
cies, Branchellion gnesios Ringuelet 1985, from Myliobatis chi-
lensis Philippi, 1893. Branchellion ravenellii (Girard, 1851) 
was reported from the Chilean catshark, Schroederichthys chi-
lens is (Guichenot, 1848); this report" is the only report of this 
leech in the Pacific Ocean (Morrillas et aI., 1987) and needs 
confirmation. 
The final species to be reported from Chile was Glyptono-
tobdella antarctica Sawyer and White 1969. It was collected 
from the squat lobster, Pleuroncodes monodon Milne Edwards 
1837, in the Gulf of Arauco (Enriquez-Briones and Gallardo, 
1994). George-Nascimento and Huet (1984) collected a single 
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unidentified piscicolid from the black conger eel, Genypterus 
maculates (Tschudi, 1846). No description of the leech was 
provided. 
Currently, there are no species of Austrobdella Badham re-
ported from Chile. Austrobdella is defined as having an external 
coelomic canal (=marginal lacuna), 6 annuli per segment, uro-
some with distinct shoulders, 3 intestinal ceca, 5 pairs of tes-
tisacs, and 1 pair of eyes (Badham, 1916). Since the description 
of the type species, Austrobdella translucens Badham 1916, 5 
more species have been described in the genus (Verrill, 1873; 
Moore, 1940; Ingram, 1957; Burreson, 1977; Utevsky, 2004). 
There is more variability in the body shape and number of eyes 
than was allowed for in the original genus description; however, 
all species are reported to have an external coelomic canal. The 
only other genus to share the unusual character of an external 
coelomic canal is Oxytonostoma MaIm. Oxytonostoma was 
placed in the subfamily Pontobdellinae because it has 2 enlarge-
ments of the external coelomic canal per segment, which was 
thought to be homologous to the 2 pulsatile vesicles per seg-
ment present in species of the subfamily Pontobdellinae. A re-
cent study, however, has shown that Oxytonostoma should not 
be considered as a member of the Pontobdellinae (Williams and 
Burreson, 2006). Oxytonostoma differs from Austrobdella in the 
number of testisacs, presence or absence of accessory gland 
cells, and number of annuli per segment. Oxytonostoma has 6 
pairs of testisacs, lacks accessory gland cells, and has 7 annuli 
per segment with each annulus further divided into 2 secondary 
annuli; thus, 7(14) annulate (Epshtein, 1968). Austrobdella has 
5 pairs of testisacs, possesses accessory gland cells, and has 6 
annuli per segment with each annulus further divided into 2 
secondary annuli; thus, 6(12) annulate (Badham, 1916). In this 
study, we describe 2 new species of Austrobdella from Chile. 
MATERIALS AND METHODS 
Leeches of I species were collected by P.U. from the mantle cavity 
of the razor clam, Ensis macha (Molina 1872), in Coliumo Bay, Region 
VIII, Chile. Leeches of a second species were collected from the apron 
ray, Discopyge tschudii Heckel 1846, at Los Molinos, Region X, Chile, 
and from the Chilean artisanal stone crab, Homolaspis plana Milne 
Edwards 1834, also from Los Molinos, Chile. Leeches of the first spe-
cies were relaxed in weak ethanol and preserved in Bouin's fixative. 
Leeches of the second species were received from Julio Lamilla fixed 
in formalin and from Alejandro Bravo fixed in ethanol. Serial sections 
of both species were cut at 6 fLm and stained with hematoxylin and 
eosin. One specimen of each species was stained with Semicohn's ace-
toe armine, dehydrated in an ethanol series, and cleared in xylene. Draw-
ings were accomplished with the aid of a camera lucida. 
DESCRIPTION 
Austrobdella coliumicus n. sp. 
(Figs. 1-7) 
Diagnosis: Length up to 20 mm. Oral sucker eccentrically attached. 
Caudal sucker subterminal. Body not distinctly divided into trachelo-
some and urosome. Two pairs of dorsal ocelli on trachelosome. Thirteen 
pairs of segmental ocelli ventrally and dorsally on urosome. Six annu-
late with each annulus divided into 2 secondary annuli; thus, 6(12) 
annulate. Postceca present with fenestrae. Five pairs of testisacs. Ac-
cessory gland cells present. Conducting tissue absent. Continuous, ex-
ternal coelomic canal present. Pigmentation overall green with trans-
verse brown bands. 
External morphology: Length up to 20 mm. Width 1-2 mm. Oral 
sucker eccentrically attached (Fig. 3), small (0.3-0.4 mm). Caudal suck-
er subterminal (Fig. 4), not as wide as widest part of body (0.8-1.1 
mm). Body cylindrical, not distinctly divided into trachelosome and 
urosome; smooth, lacking papillae, tubercles or pulsatile vesicles (Fig. 
1). Pigmentation overall green with 4 transverse brown bands on an-
terior portion of trachelosome and 13 transverse brown bands segmen-
tally on urosome. No eyes on oral sucker. Two pairs of dorsal ocelli on 
trache1osome, 1 on first annulus, 1 on last annulus. Thirteen pairs seg-
mental ocelli both dorsally and ventrally on urosome. No caudal sucker 
ocelli. Urosome 6(12) annulate. 
Digestive system: Mouthpore centrally located in oral sucker (Fig. 2). 
Proboscis extends to X. Mycetomes small, connect to esophagus at XI. 
Crop expands between testisacs. Intestine with small diverticula at gan-
glia. Postceca present with 3 fenestrae and 3 posterior extensions. Rec-
tum small. 
Reproductive system: Five pairs large testisacs intersegmentally from 
XIV/xV to XVIII/XIX (Fig. 2). Epididymides long and tightly coiled, 
extending from XIV anteriorly to XII. Epididymides enlarge into vasa 
deferentia at XII, which enlarge becoming the ejaculatory ducts. Ejac-
ulatory ducts turns ventrally at XI, pinching off small tubes that enter 
atrial cornua. Common atrium narrow, small, and muscular. Bursa small 
to moderate. Accessory gland cells form mass anterior to atrium. Gland 
cells surround terminal portions of male reproductive system and extend 
posteriorly from bursa to ganglion XII (Figs. 4, 5). Female pore located 
at XIIIXIII. Short common oviduct divides into 2 oviducts that enter 
ovisacs just posterior to XIII (Figs. 4, 5). Ovisacs extend to Xv. No 
conducting tissue present. 
Coelomic system: Ventral, dorsal, and testicular sinuses present. Con-
tinuous coelomic canal present outside muscle wall in urosome seg-
ments (Fig. 7). Ventral sinus expands segmentally, connects to contin-
uous canal and testicular sinus. Dorsal sinus connects to testicular sinus 
intersegmentally. 
Biology: The leech was found attached to E. macha in the mantle 
cavity, on the foot, and around the siphons. Leeches have been observed 
on razor clams in spring, summer, and fall. Intensity ranged from 3 to 
5 leeches per razor clam. 
Taxonomic summary 
Type localitylcollection date: Coliumo Bay, Region VIII, Chile 
(36°35'S, n058'W); 4 December 1997. .' 
Type host: Fish host unknown. Ensis macha (Molina 1782) (Vener-
idae), likely not the primary host. 
Specimens deposited: Holotype USNM 1091310, paratypes USNM 
1091311. Specimens also were examined from Ensis macha collected 
26 January 1999 from Coliumo Bay, Region VIII, Chile. USNM 
1091315. 
Etymology: Named after the type locality, Coliumo Bay, Chile. 
Remarks 
Austrobdella coliumicus is placed in Austrobdella because of the 
presence of a continuous, external coelomic canal (=marginallacuna) 
connected segmentally to the ventral coelomic sinus. However, the leech 
seems to have features of both Austrobdella and the monotypic Oxy-
tonostoma. Species in both genera have a continuous external coelomic 
canal and are the only 2 genera in the Piscicolidae with this unique 
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characteristic (Sawyer, 1986). The body shape of A. coliumicus resem-
bles Oxytonostoma typica MaIm 1863, the type species, because it is 
long and cylindrical without a distinct division between the trachelo-
some and urosome (Epshtein, 1968). Austrobdella coliumicus also re-
sembles O. typica because the continuous canal is very small interseg-
mentally and expands when it connects to the remaining coelomic sys-
tem. Austrobdella species usually have a wide continuous canal that 
remains of constant diameter (Burreson, 1977). Although the coelomic 
system and body shape are not what is typically seen in species of 
Austrobdella, these character states are seen in some species of Aus-
trobdella (Verrill, 1873; Utevsky, 2004) and are not exclusive to O. 
typica. However, differences between O. typica and species of Austrob-
della that place A. coliumicus in the genus Austrobdella are features of 
the male reproductive system and the annulation. Members of Austrob-
della have 5 pairs of testisacs, accessory gland cells and are 6(12) an-
nulate (Badham, 1916), as in A. coliumicus; O. typica has 6 pairs of 
testisacs, lacks accessory gland cells, and is 7(14) annulate (Epshtein, 
1968). 
Currently, there are 6 species of Austrobdella reported: A. translu-
cens, the type species, Austrobdella rapax (Verrill, 1873); Austrobdella 
anoculata Moore, 1940; Austrobdella bilobata Ingram 1957; Austrob-
della californiana Burreson, 1977; and Austrobdella oosthuizeni Utev-
sky, 2004. Moore (1940) admitted considerable uncertainly in assigning 
A. anoculata to Austrobdella, and paratype serial sections reveal that it 
does not have a continuous external coelomic canal (E. Burreson, un-
publ. obs.). Thus, this species should be removed from Austrobdella. 
With only sections available, a genus designation could not be deter-
mined at this time. 
Austrobdella coliumicus differs from other species of Austrobdella 
by the presence of 2 pairs of dorsal ocelli on the trachelosome and 13 
pairs of segmental ocelli on the urosome. Austrobdella coliumicus can 
be distinguished from A. translucens by the presence of a single pair 
of eyes on the oral sucker of A. translucens (Badham, 1916), which is 
absent in A. coliumicus. Austrobdella bilobata, A. californiana, and A. 
oosthuizeni all lack eyes on the oral sucker and ocelli on the trachelo-
some and urosome (Ingram, 1957; Burreson, 1977; Utevsky, 2004). 
Austrobdella bilobata can be further distinguished from A. coliumicus 
by the presence of 2 crop ceca per segment and the presence of con-
ducting tissue (Ingram, 1957), whereas A. coliumicus has 1 crop ceca 
per segment and no conducting tissue. Austrobdella californiana differs 
from A. coliumicus by the presence of 5 fenestrae in the postceca (Bur-
reson, 1977), whereas A. coliumicus has 3 fenestrae. Austrobdella oos-
thuizeni has no fenestrae and fully fused postceca (Utevsky, 2004). Aus-
trobdella oosthuizeni also lacks mycetomes and has a long bursa (Utev-
sky, 2004). Austrobdella coliumicus has mycetomes and a short, but 
wide, bursa. Eyes and ocelli are not noted on A. rapax and nothing is 
known of the internal anatomy (Verrill, 1873). Both A. rapax and A. 
coliumicus are green; however, A. rapax is green with white spots along 
the margins, whereas A. coliumicus is green with brown transverse 
bands. 
Although it is possible that the poorly described Platybdella chilensis 
may actually be an Austrobdella, it is not the same species as A. coli-
umicus. Platybdella chilensis is described as being a wide flat leech 
(Moore, 1910), which is not the body shape observed in A. coliumicus. 
Platybdella chilensis also has 2 pairs of eyes, 1 on the oral sucker and 
1 on the first annulus of the trachelosome (Moore, 1910). Austrobdella 
coliumicus has no eyes on the oral sucker. 
The gut of A. coliumicus was filled with nucleated red blood cells, 
indicating that the leech feeds on fish, although the fish host is un-
known. Piscicolid leeches are known to attach to various invertebrates 
as hard substrate or for cocoon deposition after leaving the fish host. 
This leech is the first true leech reported from bivalves, and although 
little is known of the biology of A. coliumicus, the association with E. 
macha may be specific. The clam Tagelus dombeii (Lamarck, 1818) 
occurs in mixed populations with E. macha, and leeches were never 
found on T. dombeii. 
Austrobdella losmoliniensis n. sp. 
(Figs. 8-14) 
Diagnosis: Length up to 20 mm. Oral sucker deeply cupped, eccen-
trically attached. Caudal sucker slightly subterminal. Urosome wider 
than trachelosome, slightly flattened, lacking papillae, tubercles or pul-
• 
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FIGURES 8-14. Austrobdella losmoliniensis n. sp. (8) External morphology. (9) Reconstruction of reproductive and digestive systems. (10) 
Lateral view of oral sucker. (11) Lateral view of caudal sucker. (12) Reconstruction of terminal reproductive systems, dorsal view. (13) Recon-
struction of terminal reproductive systems, lateral view. (14) Diagrammatic view of coelomic system, left side intersegmental, right side segmental. 
A, atrium; B, bursa; C, crop; CC, continuous canal; D, dorsal sinus; E, ejaculatory duct; EP, epididymus; F, postceca fenestra; FP, female gonopore; 
G, accessory gland cells; GA, ganglion; I, intestine; M, male gonopore; MY, mycetome; 0, ovisac; PC, postceca; S, sperm packet; T, testisac; 
and V, ventral sinus. 
satile vesicles. One pair of eyes on oral sucker. No segmental ocelli on 
urosome. Three annulate with each annulus divided into 2 secondary 
annuli; thus, 3(6) annulate. Five pairs of testisacs. Accessory gland cells 
present. Conducting tissue absent. Continuous, external coelomic canal 
present. Pigmentation uniformly black except 'oral sucker, caudal sucker, 
posterior portion of urosome, and 2 transverse bands on clitellum un-
pigmented. 
External morphology: Length up to 20 mm. Width up to 2.0 mm. 
Oral sucker small (0.4-0.8 mm), deeply cupped, lobed on edge, eccen-
trically attached (Fig. 10). Caudal sucker not wider than widest part of 
body (0.7-1.3 mm), slightly subterminal (Fig. 11). One pair eyes on 
oral sucker (Figs. 8, 10), not visible on preserved specimens. No caudal 
sucker ocelli or segmental ocelli. Trachelosome narrow, cylindrical. 
Urosome wider than trachelosome, slightly flattened (Fig. 8). No distinct 
shoulders, except on very contracted specimens. Pigmentation uniform-
ly black, except oral sucker, caudal sucker, posterior portion of urosome, 
2 transverse bands on clitellum unpigmented. Unpigmented transverse 
band near middle ofurosome in some specimens (Fig. 8); 3(6) annulate. 
Digestive system: Mouthpore centrally located in oral sucker. Pro-
boscis ends at ganglion IX. Mycetomes connect to esophagus through 
FIGURES 1-7. Austrobdella coliumicus n. sp. (1) External morphology. (2) Reconstruction of reproductive and digestive systems. (3) Lateral 
view of oral sucker. (4) Lateral view of caudal sucker. (5) Reconstruction of terminal reproductive systems, dorsal view. (6) Reconstruction of 
terminal reproductive systems, lateral view. (7) Diagrammatic view of coelomic system, left side intersegmental, right side segmental. A, atrium; 
B, bursa; C, crop; CC, continuous canal; D, dorsal sinus; E, ejaculatory duct; EP, epididymus; F, postceca fenestra; FP, female gonopore; G, 
accessory gland cells; GA, ganglion; I, intestine; M, male gonopore; MP, mouthpore; MY, mycetome; 0, ovisac; P, postceca; T, testisac; and V, 
ventral sinus. 
• 
188 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO.1, FEBRUARY 2007 
duct near ganglion XI and continue anteriorly to X. Intestine sinuous 
with no diverticula (Fig. 9). Postceca fused with 4 fenestrae. Rectum 
moderate size. 
Reproductive system: Five pairs testisacs from XIV !XV through 
XVIII/XIX (Fig. 9). Epididymides in XIII. Vasa deferentia continue to 
anterior portion of XI, turn ventrally and enter narrow atrial cornua. 
Long atrial cornua fuse to form small common atrium anterior to gan-
glion XII. Atrium enters bursa at XII. Bursa continues anteriorly to male 
gonopore in anterior portion of XII. Accessory gland cells form mass 
between atrial cornua, surround common atrium (Figs. 12, 13). Female 
gonopore opens into common oviduct that divides quickly into long 
oviducts that enter ovisacs at XIII. Large packets of sperm present in 
ovisacs. Ovisacs end anterior to first testisac (Figs. 12, 13). No con-
ducting tissue present. 
Coelomic system: Ventral, dorsal, and testicular sinuses present. Con-
tinuous, coelomic canal present outside muscle wall in urosome seg-
ments (Fig. 14). Ventral sinus expands segmentally and connects to 
continuous canal. Dorsal sinus connects to testicular sinus intersegmen-
tally. 
Taxonomic summary 
Type localitylcollection date: Los Molinos, Chile. March 1987. 
Type host: Apron ray Discopyge tschudii Heckel 1846 (Narcinidae). 
Specimens deposited: Holotype USNM 1091312, paratypes USNM 
1091313. Specimens also were examined from Homolaspis plana 
(Milne Edwards 1834) (Xanthidae) collected in June 1996 from Los 
Molinos, Chile. USNM 1091314. 
Etymology: Named after the type locality, Los Molinos, Chile. 
Remarks 
Austrobdella losmoliniensis exhibits the characters of Austrobdella: 
the presence of a continuous coelomic canal external to the body mus-
culature that is connected segmentally to the ventral sinus, 6 annuli per 
segment, the presence of accessory gland cells, and 5 pairs of testisacs 
(Badham, 1916; Ingram, 1957; Burreson, 1977; Utevsky, 2004). 
Austrobdella losmoliniensis can be distinguished from A. bilobata, A. 
californiana, and A. oosthuizeni by the presence of a pair of eyes, 
whereas the other species lack eyes (Ingram, 1957; Burreson, 1977; 
Utevsky, 2004). Austrobdella bilobata can be further differentiated by 
the presence of 2 crop ceca per segment and 3 intestinal ceca (Ingram, 
1957), whereas A. losmoliniensis has 1 crop ceca per segment and no 
intestinal ceca. Austrobdella californiana is additionally distinguished 
by fused postceca with 5 fenestrae (Burreson, 1977), whereas A. los-
moliniensis has 4 fenestrae. Austrobdella oosthuizeni also differs be-
cause it has fused postceca with no fenestrae, lacks mycetomes, has 2 
intestinal ceca per segment, and a fusiform body (Utevsky, 2004), 
whereas A. losmoliniensis has 4 fenestrae, mycetomes, no intestinal 
ceca, and a wide and flat body. Austrobdella rapax also differs from A. 
molinensis because of a fusiform body (Verrill, 1873). Austrobdella 
translucens can be differentiated from A. losmoliniensis by the pigmen-
tation and features of the digestive system. Austrobdella losmoliniensis 
has an unpigmented oral sucker, caudal sucker, transverse bands on the 
clitellum, and a variable band on the urosome, with the remainder of 
the body black in color. Austrobdella translucens is described as having 
a translucent body with reddish brown and purple pigment cells asso-
ciated with the internal features of the coelomic and reproductive sys-
tems (Badham, 1916). Austrobdella translucens has 3 intestinal ceca 
(Badham, 1916), and A. losmoliniensis has none. Although P. chilensis 
has the typical wide body of members of Austrobdella, it can be distin-
guished from A. losmoliniensis by the presence of 1 pair of eyes on the 
oral sucker and 1 pair on the trachelosome (Moore, 1910), whereas A. 
losmoliniensis has a single pair of eyes on the oral sucker, but none on 
the trachelosome. 
DISCUSSION 
Austrobdella coliumicus and A. losmoliniensis are the first 
Austrobdella species to be reported from the eastern South Pa-
cific. Two species of Austrobdella occur in the northern hemi-
sphere. Austrobdella californiana was described from the east-
ern Pacific off California (Burreson, 1977), and A. rapax was 
reported from the Atlantic Ocean off the northeastern United 
States (Sawyer et aI., 1975). The remaining 3 species occur in 
the Southern Hemisphere in the Indian Ocean and western 
South Pacific. Austrobdella oosthuizeni has only been reported 
from the coast of South Africa (Utevsky, 2004); A. translucens 
has been reported from southeastern Australia (Badham, 1916) 
and the Kerguelen Islands (Moore, 1957); and A. bilobata has 
been reported from southeastern Australia (Richardson, 1970) 
and Tasmania (Ingram, 1957). 
Austrobdella species vary greatly in characters that are usu-
ally considered constant at the genus level, such as number of 
eyes and presence or absence of conducting tissue. The unusual 
continuous canal that connects to the ventral coelomic sinus 
unites the species, but there may indeed be more than 1 genus. 
A recent study based on molecular and morphological data 
found that the genus Austrobdella was not monophyletic; how-
ever, no alternate groupings were proposed (Williams and Bur-
reson, 2006). A full morphological study should be done on all 
species in the genus to determine whether Austrobdella should 
be divided into mUltiple genera. 
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Balb/Cj Male Mice Do Not Feminize after Infection with Larval Taenia crassiceps 
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ABSTRACT: Balb/cJ mice fail to mount an immune response capable of 
clearing infection with larval Taenia crassiceps. Additionally, male 
Balb/cJ mice display a lag in larval growth of approximately 3 wk as 
compared to growth in female mice. It has been reported that male BalbI 
cAnN mice generate a protective immune response early in infection, 
and become permissive to larval growth after they feminize (200-fold 
increase in serum estradiol and 90% decrease in serum testosterone). 
To determine if a different strain of Balb/c mice (Balb/cJ) also feminize, 
serum was collected from infected male mice for 16 wk and levels of 
17-I3-estradiol and testosterone were measured via ELISA. In addition, 
the mounting responses of 12- and 16-wk infected male mice, as well 
as uninfected control mice, were determined after isolation with a fe-
male mouse. The results of these experiments show that male Balb/cJ 
mice do not feminize during infection with larval T. crassiceps. There 
was no significant change in serum levels of either 17-I3-estradiol or 
testosterone during the course of infection (> 16 wk). Moreover, there 
was no significant decrease in the number of times infected male mice 
mounted the female mouse as compared to uninfected controls. These 
results suggest that there may be variances between the subs trains of 
Balb/c mice that lead to the phenotypic differences reported for male 
Balb/cJ and Balb/cAnN mice. 
Balb/cJ mice infected intraperitoneally (i.p.) with larval Taenia cras-
siceps fail to mount an immune response sufficient to clear the infection. 
The rate of larval growth, however, is notably different between the 
genders of Balb/cJ mice early in infection. Larvae reproduce more rap-
idly in the female host, with female mice harboring significantly more 
larvae than infected males at wk 3, 9, and 12 postinfection (PI) (data 
not shown). Larval expansion within the male host appears to lag ap-
proximately 3 wk behind the female host. This sexual dimorphism in 
parasite growth has been observed in other parasitic infections (Zuk and 
McKean, 1996; Klein, 2004). 
It has been reported that male Balb/cAnN mice infected with larval 
T. crassiceps feminize between 8 and 12 wk PI (Bojalil et al., 1993; 
Terrazas et aI., 1994; Larralde et aI., 1995; Morales-Montor et aI., 2001), 
and that male mice display a 90% decrease in serum testosterone and 
a 200-fold increase in serum estradiol at 2-3 mo PI. In addition, the 
mounting response of males in the presence of a female mouse ceased 
during chronic infections, and these males reportedly become- sterile 
(Bojalil et aI., 1993; Terrazas et aI., 1994; Larralde et aI., 1995; Morales-
Montor et al., 2001). The latter authors suggest that the male host dis-
plays a protective phenotype against larval expansion and only becomes 
permissive to larval reproduction after feminization. Here, we report 
that male Balb/cJ mice do not feminize after larval infection as was 
reported for male Balb/cAnN mice, indicating possible differences be-
tween the substrains of Balb/c mice. 
Balb/cJ mice were from The Jackson .J..,<Jboratory (Bar Harbor, Maine) 
and were bred and maintained in the animal facilities of Wake Forest 
University in compliance with institutional animal care guidelines. Mice 
were infected at 6--8 wk of age. The ORF strain of T. crassiceps (Free-
man, 1962) was used for infections. Larvae were obtained from the 
peritoneal cavity of chronically infected (>4 mo) female Balb/cJ mice 
and were washed 5 times with an equal volume of ice-cold phosphate-
buffered saline (PBS; 137 mM NaCl, 2.7 mM KCl, 8.1 mM Na2HP04 , 
1.47 mM KHZP04 [pH 7.4]) under sterile conditions. Mice were infected 
by injecting 10 nonbudding «2 mm) larvae in 0.7 ml PBS into the 
peritoneal cavity using a 20-gauge needle. 
Three-week and 6-wk infected male mice, as well as chronically in-
fected male mice, were bled from the orbital plexus following ether 
anesthesia. Serum was also collected from age-matched, uninfected 
male Balb/cJ mice. To collect the serum, blood was allowed to clot for 
1 hr at room temperature, followed by 2 hr on ice. Serum was isolated 
after centrifugation at 1,000 g and stored at -80 C. 
190 
Serum collected from infected and uninfected male Balb/cJ mice was 
analyzed for the presence of testosterone and 17-I3-estradiol via ELISA 
(ALPCO Diagnostics; Salem, New Hampshire) according to manufac-
turer's instructions. 
Male Balb/cJ mice (at either 12 or 16 wk PI) were placed individually 
in a cage with a mature female Balb/cJ mouse. Uninfected, age-matched 
male Balb/cJ mice were treated similarly. Male mice were allowed to 
stay in the cage with the female mouse for 15 min, and the number of 
times the male mounted the female in an attempt to breed was recorded. 
Additionally, the individual female mice were observed to determine if 
the females were inseminated and pups were delivered. 
The data from these experiments were analyzed with I-way analysis 
of variance (ANOVA). Tukey's honestly significant difference (HSD) 
post-hoc test was used in cases where there was homogeneity of vari-
ances, and the Games-Howell post-hoc test was used when there were 
unequal variances. SPSS® 14.0 for Windows (Chicago, Illinois) was 
used for analysis. 
To determine if male Balb/cJ mice feminize after long-term infection 
with larvae, serum steroid levels of infected and uninfected male mice 
were determined at 3-6 wk PI and at 4 mo PI. The was no significant 
change in either 17-I3-estradiol or testosterone levels in serum (ANO-
VA; Games-Howell post-hoc test) at any time PI as compared to age-
matched, uninfected control male mice (Figs. 1, 2). 
To determine if male Balb/cJ mice lose their mounting response after 
long-term infections, 12- and 16-wk infected male mice, as well as age-
matched, uninfected male mice were placed in a cage with individual 
female mice, and the number of times the male mounted the female 
during a 15-min time period was recorded. The results of these exper-
iments show that the number of times that 12-wk infected male BalbI 
cJ mice (n = 4) mount the female mouse (average of 2.25 mountsl 
mouse) is significantly higher than uninfected controls (average 0.5 
mounts/mouse; Table I; P < 0.05: ANOVA, Tukey's HSD post-hoc 
test). There was no significant difference in the number of times 16-wk 
infected male mice (n = 4) mounted the female (average of 0.5 mountsl 
mouse) mouse as compared to uninfected, control male mice (n = 4) 
(Table I). Additionally, 2 of the 4 female mice that bred with either 
uninfected or 12-wk infected male mice had pups 3 wk after breeding. 
One of the 4 female mice that bred with 16-wk infected male mice 
produced pups. 
In contrast to previously published studies using Balb/cAnN mice 
(Bojalil et aI., 1993; Terrazas et al., 1994; Larralde et aI., 1995; Morales-
Montor et aI., 2001, 2004), the results of these experiments show that 
male Balb/cJ mice do not feminize after long-term infection with larval 
T. crassiceps. There was no significant change in serum 17-I3-estradiol 
levels through 16 wk of infection. 
In addition to serum levels remaining constant during infection, male 
Balb/cJ mice infected for 12 wk mounted the female mouse more fre-
quently than uninfected controls. There was no significant difference in 
the number of times 16-wk infected male mice mounted the female 
mouse as compared to uninfected male mice. Moreover, there was no 
significant difference between infected and uninfected male mice in 
their capacity to breed successfully. Infected male Balb/cJ mice, there-
fore, do not become sterile as was reported for Balb/cAnN males (Lar-
ralde et aI., 1995) as a result of chronic infection. These results, com-
bined with the steroid levels from infected males, demonstrate that male 
Balb/cJ mice do not feminize during the course of infection. 
It is unlikely that these differences are due to variations in the larvae 
because the same ORF strain of T. crassiceps was used in stndies on 
Balb/cAnN mice (Terrazas et aI., 1994; Larralde et al., 1995; Morales 
et aI., 1996; Morales-Montor et al., 2001) and the present study. It is 
possible, however, that the differences are because of variability be-
tween the 2 strains of mice used. We used Balb/cJ mice, whereas studies 
showing feminization used Balb/cAnN mice (Bojalil et aI., 1993; Ter-
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FIGURE 1. Male Balb/cJ mice were infected i.p. with 10 nonbudding 
larvae of Taenia crassiceps. Total serum 17-i3-estradiol levels from 3-
and 6-wk infected male mice, as well as chronically infected (>4 mol 
male mice was determined via ELISA. The results show that there are 
no significant differences in serum estradiol levels between normal and 
infected Balb/cJ male mice. 
razas et aI., 1994; Larralde et aI., 1995 ; Morales-Montor et aI., 2001, 
2004). There are notable differences between the strains of mice. One 
disparity between these substrains of Balb/c mice is that Balb/cAnN 
mice lack the expression of the major histocompatibility class I-like 
protein Qa-2 (Fragoso et aI., 1996, 1998). Other possible genetic dis-
tinctions between the substrains are poorly defined. Therefore, it is pos-
sible that there are uncharacterized genetic differences between the sub-
strains of mice that are inducing the phenotypic variability observed. 
It also is worth noting that host gender has been shown to influence 
H-2 haplotype-dependent immune responses during infection with Mo-
loney leukemia virus (M-MuLV). Storch and Chused (1984) showed 
that H-2d positive Balb/cJ and Balb/cAnN display a sexual dimorphism, 
with the male mice demonstrating higher resistance to M-MuLV-in-
duced lymphomas than female mice. In contrast, H-2k positive CBAIN 
and CBAlCaHN fail to display a sexual dimorphism in susceptibility to 
M-MuLV induced lymphomas. This may partially explain the difference 
in parasite growth between the genders of host during infection with 
larval T. crassiceps. Together, these findings suggest that certain MHC 
haplotypes may allow for variations in the efficacy of immune responses 
between the genders, with some hap10types promoting gender-specific 
differences in immune responses, whereas others do not. Further studies 
characterizing the differences between the substrains of Balb/c mice are 
necessary to better compare the course of infection in each. 
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FIGURE 2. Male Balb/cJ mice were infected i.p. with 10 nonbudding 
larvae of Taenia crassiceps. Total serum testosterone levels from 3- and 
6-wk infected male mice, as well as chronically infected (>4 mol male 
mice was determined via ELISA. The results show that infection with 
larval T. crassiceps does not lead to a decrease in serum testosterone 
levels. 
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TABLE I. Balb/cJ male mice were infected i.p. with 10 nonbudding 
larvae. Infected (12 wk or 16 wk PI) or normal male mice were indi-
vidually placed in a cage with a female mouse, and the number of times 
the male mounted the female in 15 min was recorded. The results show 
that there was not a significant decrease in the number of times that 
infected male Balb/cJ (both 12 wk and 16 wk PI) mice mounted the 
female mouse. 
Number of times male mounted female in 15 min 
Un infected 12 wk PI 16 wk PI 
Male I 3 0 
Male 2 1 3 2 
Male 3 0 0 
Male 4 0 2 0 
Average 0.5 2.25 0.5 
Funding for this project was provided in part by the Grady Britt Fund 
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The Phylogenetic Position of Allocreadiidae (Trematoda: Digenea) From Partial 
Sequences of the 18S and 28S Ribosomal RNA Genes 
Anindo Choudhury, Rogelio Rosas Valdez, Ryan C. Johnson, Brian Hoffmann, and Gerardo Perez-Ponce de Leon*, Division of Natural 
Sciences, Sl. Norbert College, 100 Grant Street, De Pere, Wisconsin 54115; *Instituto de Biologia, Universidad Nacional Autonoma de Mexico, 
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ABSTRACT: Species of Allocreadiidae are an important component of 
the parasite fauna of freshwater vertebrates, particularly fishes, and yet 
their systematic relationships with other trematodes have not been clar-
ified. Partial sequences of the 18S and 28S ribosomal RNA genes from 
3 representative species of Allocreadiidae, i.e., Crepidostomum eooperi, 
Bunodera mediovitellata, and Polylekithum ietaluri, and from 79 other 
taxa representing 78 families of trematodes obtained from GenBank, 
were used in a phylogenetic analysis to address the relationships of 
Allocreadiidae with other plagiorchiiforms/plagiorchiidans. Maximum 
parsimony and Bayesian analyses of combined l8S and 28S rRNA gene 
sequence data place 2 of the allocreadiids, Crepidostomum eooperi and 
Bunodera mediovitellata, in a clade with species of Callodistomidae and 
Gorgoderidae, which, in turn is sister to a clade containing Polylekithum 
ictal uri and representatives of Encyclometridae, Dicrocoelidae, and Or-
chipedidae, a grouping supported by high bootstrap values. These re-
sults suggest that Polylekithum ietaluri is not an allocreadiid, a conclu-
sion that is supported by reported differences between its cercaria and 
that of other allocreadiids. Although details of the life cycle of callod-
istomids, the sister taxon to Allocreadiidae, remain unknown, the rela-
tionship of Allocreadiidae and Gorgoderidae is consistent with their 
larval development in bivalve, rather than gastropod, molluscs, and with 
their host relationships (predominantly freshwater vertebrates). The re-
sults also indicate that, whereas Allocreadiidae is not a basal taxon, it 
is not included within the suborder Plagiorchiata. No support was found 
for a direct relationship between allocreadiids and opecoeJids either. 
The Allocreadiidae (Looss, 1902) (Trematoda: Digenea: Plagiorchii-
formes) is an important component of the parasite fauna of freshwater 
vertebrates, particularly fishes (Yamaguti, 1971; Bykovskaya and Ku-
lakova, 1987; Caira, 1989; Thatcher, 1993; Perez-Ponce de Leon et a!., 
1996; Hoffman, 1999). Adults of the family typically possess an un-
spined tegument, a well-developed cirrus sac, tandem gonads, and rel-
atively large eggs. The cercariae are typically ophthalmoxiphidocercar-
iae that develop in bivalves rather than in gastropods (Hopkins, 1934; 
Yamaguti, 1975; Gibson, 1996; Caira and Bogea, 2005; Cribb, 2005). 
The Allocreadiidae has had a checkered systematic past (see Caira and 
Bogea, 2005; Cribb, 2005). A phylogenetic analysis using morpholog-
ical characters (Brooks and McLennan, 1993) placed it in a basal po-
lytomy with other trematode families united under the Plagiorchiifor-
meso According to their revised classification (Brooks and McLennan, 
1993), Allocreadiidae is placed as the sole family under the suborder 
Allocreadiata. This classification, and especially the nomenclature, has 
not been universally accepted. Other workers have preferred to refer to 
the order as a much larger Plagiorchiida La Rue, 1957 (Gibson 1996; 
Olson et a!., 2003), which includes mar:y of the orders established by 
Brooks and McLennan (1993). Gibson (1996) placed Allocreadiidae, 
along with the Opecoelidae, in the suborder Allocreadioidea within the 
Plagiorchiida, a scheme followed with some modification (superfamily 
Allocreadiodea) in more recent reference works (Cribb, 2005; Jones et 
a!., 2005). Irrespective of the ordinal nomenclature used, the available 
classification schemes suggest, at the very least, that the allocreadiids 
are plagiorchiidans/plagiorchiiforms. 
Despite the fact that the allocreadiids are widely distributed in fresh-
water fishes, the phylogenetic analyses by Brooks et a!. (1985, 1989) 
and Brooks and McLennan (1993), based on morphology, remain the 
only hypothesis of the family's systematic relationships with other di-
geneans. The plagiorchiiforms have been the subject of several molec-
ular analyses (Tkach et a!., 1999, 2000; Tkach, Pawlowski et aI., 2001; 
Tkach, Snyder et a!., 2001; Olson et aI., 2003), but these analyses did 
not include the Allocreadiidae. The present study investigates the re-
lationships of the family using partial sequences of the l8S and 28S 
ribosomal RNA genes from representatives of the family and from pub-
lished work. 
Partial sequences of the l8S and 28S rRNA genes from 82 taxa were 
used in our analyses (see Fig. I). These include a representative species 
from each family (see Fig. 2) appearing in Olson et a!. (2003), for a 
total of 79 species from that study, plus 3 allocreadiids, i.e., Crepidos-
tomum cooperi Hopkins, 1931, Bunodera mediovitellata, and Polylek-
ithum ietaluri, for which sequences were generated in this study. Rep-
resentatives of Crepidostomum and Bunodera were chosen because their 
status as allocreadiids is not in doubt (Hopkins, 1934; Caira, 1989; Caira 
and Bogea, 2005). The status of Polylekithum ietaluri as an allocreadiid 
has been controversial because of its reportedly possessing a cercaria 
that is very different from that of other allocreadiids (Cable, 1952; Caira 
and Bogea, 2005). It was included in this study with the expectation 
that the analyses would throw some light on its classification as well. 
Crepidostomum cooperi was collected from the bluegill Lepomis ma-
eraehirus in Mud Lake, Chambers Island, Wisconsin, during the sum-
mer of 2004; B. mediovitellata was collected from the three-spine stick-
leback, Gasterasteus aeuleatus in British Columbia (see Choudhury and 
Leon-Regagnon, 2005); and P. ietaluri was collected from ictalurid cat-
fishes, Ameiurus meias and Ictalurus punctatus, in southern Manitoba 
(see Platta and Choudhury, 2006). 
Samples were washed with saline and stored refrigerated in 95% or 
100% ethanol. The worms were digested and the genomic DNA ex-
tracted using the Qiagen DNEasy extraction kit (Qiagen Inc., Valencia, 
California). Genes of interest were amplified using polymerase chain 
reaction (PCR) techniques. The 28s rRNA gene was amplified using 1 
of 2 primer combinations: the digl2 forward primer (5' AAG CAT ATC 
ACT AAG CGG 3') and the LSUl500 reverse primer (5' GCT ATC 
CTG AGG GAA ACT TCG 3') (Tkach et aI., 1999,2000; Snyder and 
Tkach, 2001) for Crepidostomum cooperi or the forward primer 29sy 
(5' CTA ACC AGG ATT CCC TCA GTA ACG GCG AGT 3') and 
the reverse primer 28sz (5' AGA CTC CTT GGT CCG TGT TTC AAG 
AC 3') (Leon-Regagnon et a!., 1999) for Poiylekithum ietaluri and Bun-
odera mediovitellata. The 18S rRNA gene was amplified using the for-
ward primer 'Worm t\ (5' GCG AAT GGC TCA TTA AAT CAG 3') 
and the reverse primer 'Worm B' (5' CTT GTT ACG ACT TTT ACT 
TCC 3') (Littlewood and Olson, 2001; Olson et a!., 2003). PCR reac-
tions were performed on a PerkinElmer GeneAmp 9700 thermocycler 
(PerkinElmer Inc., Wellesley, Massachusetts) using Ex-taq DNA poly-
merase (TaKaRa Mirus Corporation, Madison, Wisconsin) in a total 
reaction volume of 50 J.d. The amplification protocol consisted of an 
initial denaturing cycle of 5 min at 94 C; 40 cycles of the following: 
94 C for 30 sec, 50 C or 54 C for 30 sec for primer annealing, and 72 
C for 2 min for replication; and a final hold for elongation at 72 C for 
5 min. PCR products were purified using the QIAquick PCR Purifica-
tion Kit (Qiagen Inc.). 
Purified products were sent to MCLab (South San Francisco, Cali-
fornia) for automated sequencing. Each sequence was manually edited 
for accuracy using ABI Editview (Perkin-Elmer) or FinchTV (Geospiza 
Inc., Seattle, Washington). Sequences have been deposited to Genbank 
(www.lncbi.nih.gov) with the following accession numbers: C. cooperi 
(28S: EF202098; 18S: EF202097), P. ietaluri (28S: DQ189999, 18S: 
EF202096), and B. mediovitellata (28S: EF202573, 18S: 202095). Se-
quences were aligned using Clustal W alignment software in MEGA 
3.1 (Molecular Evolutionary Genetic Analysis, Kumar et a!., 2004, 
www.megasoftware.net). checked by eye, and edited to remove extra 
portions (overhang) due to the unequal lengths of the various sequences. 
The aligned 18S dataset consisted of 947 characters (including spac-
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2 Schistosoma japonicum AY157226 / AY157607 
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.---- Otodistomum cestoides AJ287553 / 222187 
100 Dinurus longisinus AJ287501 /222202 
Lecithaster gibbosus AJ287527 / 222199 
r---Accacoelium contortum AJ287472 / 222190 
'-------- Copiatestes filiferus AJ287490 / AY222188 
Prosogonotrema bilabiatum AJ287565 / AY222191 
.-----Derogenes vancus AJ287511 / AY222189 
1 '----Didymozoon scombri AJ287500 / AY222195 
__ 9-C====~R~h~ip~J~·d~o~co,ty/e galeata AY222119 / AY222225 I" Transversotrema haasJ AJ287583 / AY222186 
4 
r------- Hymenocotta mulli AJ287524 / A Y222239 
1 Indosolenorchis hirudinaceus AY22211 0/ AY222213 
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10 Diplodiscus subcJavatus AJ287502 / AY222212 
10 Mesometra sp AJ287537 / AY222216 
Hexangium sp AJ287522 / AY222215 
MacrovestibulUm obtusicaudum AY222111 / AY116877 
.......,~-to~,...-- Opisthotrema dujonis AY222117 / AY222223 
Rhabdiopoeus taylori AY222113 / AY222218 
Labicola cf elongata AY222115 / AY222221 
Catatrop"is indJcus AY222114 / AY222220 
r--i~-c:====-~Fellodistomum fellis Z12601 / AY222282 Prosogonarium angelae AJ287564 / AY222285 
r--4.,-----I Psilochasmus oxyurus AY222135 / AF151940 
Echinostoma revolutum AY222132 / AY222246 
Fasciola gigantica AJ011942 / A Y222245 
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Cloacitrema narrabeenensis AY222134 / AY222248 
'----- CycJocoelum mutabile AJ287494 / AY222249 
r---- Atractotrema sigani AJ2874 79 / A Y222267 
'---- Hapladena nasonJs A Y222146 / A Y222245 
Lissorchis kritskyi AY222136 / AY222250 
.----- Cableia pudica AJ287486 / AY222251 
12 Ancyclocoelium typicum AJ287474 / AY222254 
.-----Homalometron armatum AY222130 / AY222241 
Caecincola parvulus AY222123 / AY222231 
Cryptocotyfe lingua AJ287492 / AY222228 
Amphimerus ovalis AY222121 / AY116876 
.---- Enenterum aureum AY222124 / AY222232 
Paragyliauchen arusettae AY222127 / AY222235 
Gorgocephalus kyphosi AY222126 / AY222234 
Preptetos caballeroi AJ287563 / A Y222236 
Macivaria macassarensis AJ287533 / A Y222208 
Opistholebes amplicoelus AJ287550 / AY222210 
r------ Gorgodera sp. AJ287518 / AY222264 
nnr----- Prosthenhystera obesa AY222108 / AY222206 
99 Bunodera mediovitellata EF202095/ EF202573 
12 Crepidostomum cooperi EF202097/ EF202098 
Or~hip"edum tra9heicola AJ287551 / AY222258 
,..---- BrachylecJthum lobatum AY222144 / AY222258 
3 99 Polylekithum ictaluri EF202096/0Q189999 
15 Encycfometra cofubrimurorum AY222142 / AF184254 
Stephanostomum baccatum AJ287577 / A Y222256 
Zalophotrema hepaticum AJ224884 / AY222255 
100 Paragonimus westermani AY222140 / AY116874 
21 Nephrotrema truncatum AY222139 / AF151936 
Rubenstrema exasperatum AJ287572 / AY222275 
Haematoloechus longiplexus AJ287520 / AY222280 
Cephalogonimus retusus AJ287489 / AY222276 
Opisthoglyphe ranae AY222157 / AF151929 
72 
8 
1 Brachycoelium salamandrae AY222160 / AF151935 
1 Choanocotyle hobbsi AY116868 / AY116865 
1 9~ Auridistomum chelydrae AY222159 / AY116872 
8 Macroderoides typicus AY222158 / AF433673 
95 Maritrema oocysta AJ287534 / AY220630 
'------LecithoClendrium finstowi AY222147 / AF151919 
Pleurogenes cJaviger AY222152 / AF151925 
Prosthogonimus ovarus AY222149 / AF151928 
.----- Renicola sp. AY222155 / AY116871 
Tanaisia fedtschenkoi AY222154 / AY116870 
Pachypsolus irroratus AJ287554 / AY222274 
100 Antorchis pomacanthi AJ287476 / AF222268 
39 Zoogonoides viviparus AJ287590 / AY222271 
FIGURE 1. Maximum parsimony phylogram from the phylogenetic analysis of the combined 18S and 28S rRNA gene (partial sequence) dataset 
of digenean taxa including representatives of Allocreadiidae (bold). Numbers following the taxa are GenBank accession numbers for their 18S 
and 28S rRNA gene sequences. Numbers at the internodes are bootstrap values (above) and Bremer decay values (below) . 
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Gorgodera sp. (Gorgoderidae) 
...---- Prosthenhystera obesa (Callodistomidae) 
Bunodera mediovitellata (Allocreadiidae) 
Crepidostomum cooperi (Allocreadiidae) 
,------ Orchipedum tracheicola (Orchipedidae) 
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Amphimerus ovalis (Opisthorchiidae) 
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Preptetos caballeroi (Lepocreadiidae) 
Stephanostomum baccatum (Acanthocolpidae) 
Zalophotrema hepaticum (Brachycladiidae) 
Paragonimus westermani (Paragonimidae) 
Nephrotrema truncatum (Troglotrematidae) 
...-------- Rubenstrema exasperatum (Omphalometridae) 
....------ Brachycoelium salamandrae (Brachycoeliidae) 
100 
Choanocotyle hobbsi (Choanocotylidae) 
Auridistomum chelydrae (Auridistomidae) 
Macroderoides typicus (Macroderoidiidae) 
...---- Haematoloechus longiplexus (Plagiorchiidae) 
Cephalogonimus retusus (Cephalogonimidae) 
Opisthoglyphe ranae (Telorchiidae) 
Maritrema oocysta (Microphallidae) 
Lecithodendrium linstowi (Lecithodendriidae) 
Pleurogenes cia viger (Pleurogenidae) 
Prosthogonimus ovatus (Prosthogonimidae) 
Antorchis pomacanthi (Faustulidae) 
Zoogonoides viviparus (Zoogonidae) 
....---- Pachypsolus irroratus (Pachypsolidae) 
Renicola sp. (Renicolidae) 
Tanaisia fedtschenkoi (Eucotylidae) 
FIGURE 2. Tree from the Bayesian analysis on the combined 18S and 28S rRNA gene (partial sequence) dataset of digenean taxa including 
representatives of Allocreadiidae (bold), with posterior probability values. Family names follow the species names . 
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es) and the aligned 28S dataset consisted of 680 characters (including 
spaces). The combined aligned 18S + 28S dataset comprised 1,627 
characters (including spaces), of which 777 were parsimony informa-
tive. The combined dataset was analyzed using maximum parsimony as 
implemented in PAUP* 4.0 blO (Phylogenetic Analysis Using Parsi-
mony, Swofford, 2002) and by Bayesian methods (Huelsenbeck and 
Ronquist, 2001). Unweighted maximum parsimony analysis was per-
formed with character states unordered, using a heuristic search, with 
addseq = random, nreps= 100, swap = tbr. A nonparametric bootstrap 
with 1,000 replicates was used to evaluate the robustness of the clades 
through nodal support. Bremer decay indices were also calculated. For 
the analysis in PAUp, the 'Diplostomata' (represented by 9 species in 
Brachylaimidae, Leucochloridiidae, Diplostomidae, Strigeidae, Clinos-
tomidae, Sanguinicolidae, Schistosomatidae, Spirorchiidae) of Olson et 
al. (2003) were used as outgroups in keeping with their basal position 
in previous phylogenetic studies (Tkach et aI., 2000; Olson et aI., 2003). 
Bayesian estimates of phylogeny were generated using MrBayes 3.04b 
(Huelsenbeck and Ronquist, 2001) with a substitution model that was 
selected as best-fit model by Modeltest (Posada and Crandall, 1988). 
Because the18S and 28S sequences are linked but actually represent 
different loci, they were entered into Modeltest separately and the mod-
els were unlinked prior to running the analysis. The maximum likeli-
hood model employed 6 substitution types ("nst = 6") and a gamma 
distribution for variation across sites. The Markov chain Monte Carlo 
search was run with 4 chains for 1,000,000 generations, sampling the 
Markov chain every I ,000 generations, and the sample points of the 
first 50,000 generations were discarded as "burn-in," after which the 
chain reached stationarity. A 50% majority rule consensus tree was 
computed in PAUP 4.0 blO (Swofford, 2002). 
The maximum parsimony analysis yielded I tree, 7,970 steps long, 
with a CI = 0.24, RI = 0.45, RC = 0.108, and HI = 0.76. The analysis 
returned this tree 66 times out of the 100 random replicates. The tree 
(Fig. I) indicates that 2 species of Allocreadiidae, C. cooperi, and B. 
mediovitellata, form a clade that is sister to Prosthehystera obesa (Cal-
lodistomidae), whereas the third allocreadiid, P. ictaluri, is in a separate 
clade as a sister taxon to the encyclometrid, Encyclometra colubrimu-
rorum. These relationships are supported by high (2:99) bootstrap nodal 
support. The 2 allocreadiids C. cooperi and B. mediovitellata, and the 
callodistomid, P. obesa, are in turn related to the gorgoderid, Gorgodera 
sp., a relationship supported by lower bootstrap and Bremer decay val-
ues (Fig 1.). Polylekithum ictaluri belongs to a clade that includes, in 
addition to its sister taxon, E. colubrimurorum, a dicrocoelid, Brachy-
lecithum lobatum, and an orchipedid, Orchipedum tracheicola, a group-
ing that is very weakly supported (Fig. I). All of these stated relation-
ships from the maximum parsimony analysis (Fig. 1) are supported by 
Bayesian analysis (Fig. 2) that shows an identical tree topology for these 
taxa. The results from the parsimony analysis also indicates that the 
sister taxa, Macivaria macassarensis (Opecoelidae) and Opistholebfls 
amplicoelus (Opistholebetidae), form a clade that is sister to the clade 
comprising the allocreadiids and the representatives of Encyclometri-
dae, Dicrocoelidae, Orchipedidae, Gorgoderidae, and Callodistomidae, 
but with low support (Fig. 1). 
The results suggest that the 3 allocreadiids (c. cooperi, B. mediovi-
tellata, and P. ictaluri) used in this study do not constitute a natural 
group. Although this may raise questions about the monophyly of Al-
locreadiidae, there is already other evidence to suggest that P. ictaluri 
does not belong in Allocreadiidae. The status ~f P. ictaluri as an allo-
creadiid has been in some doubt ever since Seitner (1951) described the 
cercaria of P. ictaluri as being gymnocephalous, oculate, lacking a sty-
let, and developing in gastropods. This is in contrast to other allocrea-
diid cercariae, which are ophthalmoxiphidocercariae and develop in 
sphaeriid bivalves (Hopkins, 1934; Caira, 1989). This was discussed by 
Cable (1952), who suggested, however, that Seitner (1951) had erred in 
describing the cercariae of some other digenean, such as Skrjabinop-
solus manteri, a deropristiid of the lake sturgeon. The status of P. ic-
taluri was also discussed by Caira and Bogea (2005), who suggested 
that either the allocreadiids do not share a common cercaria morphology 
and first intermediate bivalve host or P. ictaluri is not an allocreadiid. 
The results of the present study suggest the latter and also suggest that 
the species should be added to Encyclometridae. It is not surprising 
then that P. ictal uri also placed basally in the more restricted study by 
Platta and Choudhury (2006). For the remainder of the discussion, we 
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regard the clade C. cooperi + B. mediovitellata as representative of 
Allocreadiidae. 
The major finding of this study, i.e., the sister relationship of 2 well-
established species of Allocreadiidae with a representative of the Cal-
lodistomidae (P. obesa) is surprising, given its morphology, but has 
been suggested before based on previous unpublished molecular anal-
yses (S. Curran, pers. comm.). Prosthenhystera obesa is a widespread 
parasite of the gall bladder of mainly characid fishes in the middle 
American and neotropical region (Thatcher, 1993; Kohn et aI., 1997; 
A. Choudhury, unpubl. obs.). The genus is also represented farther north 
by 'Prosthenhystera oonastica', a species named by Wilmer Rogers 
from the channel catfish, Ictalurus punctatus, in Alabama (USNPC 
75499, 75500), but apparently not formally described. Unfortunately, 
details of the life cycle of Prosthenhystera spp. or of others in this 
family remain unknown (to our knowledge), which prevents further 
comparison with the biology of allocreadiids. However, the typical adult 
habitat of the callodistomids, the gall bladder of fishes (Bray, 2002), is 
not unknown in the biology of allocreadiids; immature Bunodera lu-
ciopercae and mature Crepidostomum wikgreni are found in the gall 
bladders of perch and whitefish, respectively (Cannon, 1971; Gibson 
and Valtonen, 1988). 
The implication that the clade Callodistomidae + Allocreadiidae to-
gether is closely related to the Gorgoderidae is supported by some as-
pects of the biology of gorgoderids, if not their typical adult habitat 
(urinary bladders). Like allocreadiids, the gorgoderids also use bivalve 
molluscs, rather than gastropods, as first intermediate hosts (Yamaguti, 
1975). Cable (1952) also noted the similarities between the cercaria 
excretory vesicles of allocreadiids and gorgoderids. Both families are 
also particularly common in freshwater environments (Yamaguti, 1971; 
Cribb, 1987; Hoffman, 1999) and both are parasites of aquatic verte-
brates, mainly fishes, although some are parasitic in amphibians as well. 
This latter fact is particularly true of the Gorgoderidae, where numerous 
species parasitize the urinary bladders of ranid frogs. The Allocreadi-
idae is not as speciose in amphibians, from which 2 monotypic genera 
represented by Bunoderella metteri Schell, 1964 and Caudouterina rhy-
acotritoni Martin, 1966, are known. 
This study also raises questions about the composition of the super-
family Allocreadioidea Looss, 1902 and the relationships of the type 
family Allocreadiidae with other families that have been placed in this 
superfamily, particularly Opecoelidae (Cribb, 1987). The close relation-
ship of the Opecoelidae and Allocreadiidae has long been assumed 
based on adult morphology but Cribb's (2005) succinct and insightful 
review of the topic, in conjunction with Cable's (1956) detailed discus-
sions question such an assumption. The results of the present study 
seem to provide more evidence that the 2 families are not closely re-
lated. The idea (Cable, 1956; see also Cribb, 2005) that the Opecoelidae 
and Opistholebetidae warrant a superfamily separate from Allocreadioi-
dea is also well supported by the results of the present study, particularly 
because Allocreadiidae is arguably more closely related to Callodistom-
idae, Gorgoderidae, Encyclometridae, and Dicrocoelidae than it is to 
Opecoelidae. 
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Flotillin-1 Localization on Sporozoites of Eimeria tenella 
E. del Cacho M. Gallego, F. Lopez-Bernad, C. Sanchez-Acedo, and J. Quilez, Department of Animal Pathology, Faculty of Veterinary 
Sciences, University of Zaragoza, Miguel Servet 177, Zaragoza 50013, Spain. e-mail: edelcach@unizar.es 
A BSTRACT: In an attempt to identi fy parasite urface components in-
volved in the interaction with the host cell, the present research focuse 
on the rafts of Eimeria len ella that might be involved in the host ce ll 
in vas ion proce s. To that end, this study was undertaken to in vestigate 
the expression o f fl otillin - I , which is an important component and mark-
er of lipid rafts at the plasma membrane o f sporozoites of E. lenella. 
The expression o f thi s plasma membrane protein was identi fied by an 
antibody that specifica lly reacts w ith fl otillin - I and was studied by elec-
tron microscopy. Flotillin- I was found to occur in patche on the surface 
o f E. renelLa sporozoites. Immunoblot analys is of the total proteins of 
the sporozoites showed only I band o f approximately 48 kDa. This 
indicates that the antibody exclusi ve ly recogni zed the molecules of fl o-
tillin - I expre ed on the surface of E. renella sporozoites. The presence 
of fl otillin- I on the cellular membrane of sporozoites predominantly at 
the apica l tip suggest that fl otillin- I belongs to the invas ion machiner y 
of £. renella. 
Rafts are membrane compartments that are ri ch in glycosphingolipid, 
cholesterol, and acylated proteins and are res istant to detergent solubi-
lization. Lipid rafts are involved in important cell processes, such as 
signal transduction, apoptosis, ce ll migration, synaptic transmi ss ion, or-
ganization of the cytoskeleton, and protein sorting (Ding et aI., 2004). 
In an attempt to identify par asite urface components involved in the 
interaction with the host ce ll , we have focused in this research on the 
rafts of Eimeria renella that might be invo lved in the host cell invasion 
proces . For this purpose, an antibody that specifically reacts with flo-
tillin - I was used. Flotillin- I is known as a key structural component 
and a marker of lipid ra ft (Waka ugi et aI., 2004). It is now clear that 
lipid raft microdomains containing fl otillin- I act a platforms for con-
ducting a variety o f cellular mechanisms, and the proteins o f the fl otil -
lin/reggie family parti cipate in cell processes that have been ac ti vated 
in the rafts. Rafts have been described in a variety of cells, but they 
have never been de cribed in Eimeria. The authors demonstrate by im-
munoelectron microscopy and immunoblotting techniques that flotil -
lin- I is expressed on the surface membrane of E. renella sporozoite. 
To conduct immunoelectron microscopy studies, sporozoites were 
fi xed in 0.05% glutar aldehyde in Bouin solution for 60 min at room 
temperature and then embedded in Durcopan water soluble kit (Electron 
Microscopy Sciences, Hatfield, Pennsy lvania) according to the mallU-
facturer 's instructions. U ltrathin section (40- 60 nm) were made with 
an LKB ultramicrotome (LKB, Bromma, Sweden). Grids were then 
placed on droplet of normal horse serum (blocking reagent , Vectastain 
ABC Kit, Vector Laboratori es, Burlingame, Ca li fornia) for 10 min to 
block nonspeci fic binding sites. Samples were incubated in the mouse 
anti- fl otillin - I monoc lonal antibody (clone 18, Pharmingen, San Diego, 
Cali fornia) as primary antibody at a 1:1 00 dilution for 18 hr. After 
severa l washes in PBS, sample were incubated in the secondary anti -
body, a 40-nm gold-conjugated goat anti -mouse IgG antibody (Briti h 
BioCell International, Cardi ff, U.K .) for 2 hr. Thereafter, ultrathin sec-
tions, double stained with urany l acetate and lead citrate, were examined 
by electron transmiss ion microscopy. A s a control , sections were in-
cubated with mouse normal erum instead of the primary antibody, w ith 
the remaining procedure being the ame. In the e control sections, po· 
rozoi tes were devoid of po iti ve reaction for fl otillin- I . 
Blot analyses were applied to the sporozoites, which were purified 
fo llowing the procedure described in Raether et al. ( 1995). Ex traction 
of protein was performed by sonication to di srupt all sporozoites, fol-
lowed by centri fugation at 100,000 g for 20 min . The supernatant was 
stored in liquid ni trogen until u e. Protein samples from sporozoites 
were subjected to DS-PA GE in a di continuou gel system on the basis 
of a standard protocol (L aemmli , 1970). An SDS-reducing sample bu ff-
er contaInIng DS and 2-mercaptoethanol was used for SDS-PA G E. 
Electrophoresis was per formed at 40 mAo After electrophoresis, the pro-
teins in the gel were transferred electrophoretica lly to nitrocellulose 
paper in a Trans-Blot cell (Bio-Rad Laboratories, Richmond, Cali for-
nia). Elecu'ophoresis was performed with a transfer bu f fer at room tem-
perature for 18 hr at 40 mY. A ft er the tran fer of proteins, exce bind-
ing sites on the nitrocellulose paper were blocked by washing the paper 
in PBS containing 4% blocking reagent (normal hor e serum, Vectastain 
ABC Kit, Vector Laboratories) . The blots were then treated with the 
mou e anti- flotillin - I monoclonal antibody for I hr at room tempera-
ture. The blots were rinsed in PBS, then exposed to peroxidase-conju-
gated goat anti -mouse IgG. They were then rinsed 3 time in PBS and 
treated for perox idase acti vity w ith DAB. The control lines used in the 
blots were loaded w ith chicken brain ex tract ( lane 3, positi ve control) 
and human heat shock protein 70 (Hsp70; lane 4, negati ve control). 
Immunoblot analysis of the total proteins of the sporozoites showed 
a band of approx imately 48 illa (Fig. I ). In addition to signaling pro-
tein , lipid rafts also have some specific proteins that are generally used 
as markers o f lipid rafts. The e evolutionaril y conser ved protein are 
composed o f 2 family members, fl otillin- I and fl otillin-2, which are also 
known as reggie-2 and reggie- I , respecti vely ( Volonte et aI., 1999) . 
Flotillin- I and flotillin-2 are encoded by highly conser ved genes, w ith 
orthologs in mice, rats, human , fi hes, and Drosophila sp. (L opez-
Casas and del M azo, 2003). Because both proteins show molecular sim-
ilarities, it is not surprising that a monoclonal antibody raised again t I 
o f the e 2 ty pes o f fl otillin cross-reacts w ith the other ( Kokuboa et aI. , 
2000). It is known that fl otillin - I protein consists of 427 amino acid 
res idues, w ith a predicted molecular weight of 48 illa, and that fl otil -
lin-2 has a molecular mass of 42 kDa (Edgar and Polak, 2002). Our 
immunoblotting analysis showed that the anti- fl otillin- I antibody rec-
ognized a 48-illa band corresponding to fl otillin- I. 0 other bands 
were seen, which indicates that the antibody exclusively recogni zed the 
mo lecules o f fl otillin- I expressed on the surface o f £. renella sporo-
zoites. 
Flotillin - I - Iabeled areas were patchy and located on the plasma mem-
brane of the sporozoites, w ith prominent staining in the apex o f the 
microorganisms (Fig. 2). Eimeria i s well known for its invasion process 
1 2 3 4 
48 
FIGURE I . Immunoblot showing the protein identi fied by the mono-
clonal antibody ant i- flotillin- I in E. renella sporozoites (lanes I and 2) 
and in chicken brain (positi ve contro l, lane 3). L ane 4: negati ve contro l 
(Hsp70). M olecular mass (kDa) is indicated. 
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FIG RE 2. Immunoelectron micrograph of E. feneLla sporozoites. 
(A ) egati ve contro l, wherein no specific antibody was applied, how-
ing a sporozoite section devoid of positi ve reaction for f1otillin - 1. (8 ) 
Sporozoi te showing f1 otillin- I - positive patches on the parasite mem-
brane. ote that the expres ion of f1 otillin- 1 on the cellular membrane 
of sporozoites concentrates at the apica l tip. Bar = 2 f.l.m. 
via the apica l complex present at the apex of invasi ve forms. A s soon 
liS sporozoites come into contact with a host cell surface, a signal is 
transduced from the surface to the apex. The signal induces reorienta-
tion, microneme exocytosi , apica l binding to the host cell , and for-
mation of the parasitophorous vacuole (Dubremetz et aI. , 1998). There-
fo re, many biologica l processes are involved in the host cell invasion, 
including numerous signal transduction pathways, cell migration, or-
ganization of the cy toskeleton, protein sorting, and membrane traffi ck-
ing. It has been proposed that f1Olillin- 1 plays a structural role in all of 
these cellular mechanisms (Edidin, 2003). Therefore, the presence of 
f1 otillin - I on the cellular membrane of sporozoites predominantly al the 
apica l tip suggests that f1 otillin - I belong to the invasion machinery of 
E. feneLla . 
This work was supported by grant A46 from the Research Council 
of Arag6n, Spain. 
LITERATURE CITED 
DI G, Y. , W. H. JIANG, Y. Su, H . Q. ZHO , AND Z . H . ZHA G. 2004. 
Expression and purification of recombinant cytopl a mic domain of 
human er ythrocyte band 3 w ith hexahistidine tag or chitin-binding 
tag in Escherichia coli. Protein Expression and Purification 34: 
167- 175. 
D IlREMETZ, J. F. , . GARCIA-REGUET, Y. Co ElL, AD M . . FOUR-
MAUX. 1998. Apica l organelles and ho t-cell invasion by Apicom-
plexa. International Journal for Parasitology 28: 1007- 101 3. 
EDGAR, A . J., AD J. M . POLAK. 2002. Flotillin- I : Gene structure: cD A 
c loning from human lung and the identification of alternati ve poly-
adenylation signals. International Journal of Biochemical and Cell 
Biology 33: 53-64. 
EDIDIN, M. 2003. The state of lipid raft : From model membranes to 
cells. Annual Review of Biophy ics and Biomolecular Structure 32: 
257-283. 
KOKUIlO, H ., C. A . L EMEREB, A D H. Y AMAGUCHIA. 2000. L ocalization 
of fotillins in human brain and their accumu lation with the pro-
gression of Alzheimer 's disease pathology. euro cience Letters 
290: 93- 96. 
L AEMMLI, U. K . 1970. Cleavage of tructural proteins during the assem-
bly of the head of bacteriophage T4. Nature 227 : 680-685. 
L6PEZ-CASAs, P. P. , AD J. DEL M AZO. 2003. Regulation of f1otillin- I in 
the establishment of IH-3T 3 cell-cell interactions. FEBS L etters 
555: 223-228. 
RAETHER, W., J. HOFMA ,A D M . UPHOFF. 1995. In vitro cultivation 
of avian Eimeria species: Eimeria fenella . I n Biotechnology. 
Guidelines on techniques in coccidiosis research, J. Eckert, R. 
Braun, M . W. Shirley, and P. Coudert (eds.). European Commission, 
Brussels, Belgium, p. 79-84. 
VOLONTE, D ., F. GALIl IATI, S. Lt, K. NISHIYAMA, T. OKAMOTO, AND M . 
P. LISA TI. 1999. Flotillins/caveolins are differentially expressed in 
cells and ti ssues and form a heterooligomeric complex with cav-
eolin in v ivo: Characteri zation and epitope-mapping of a novel 
f1 otillin - I monoclonal antibody probe. Journal of Biologica l Chem-
istry 274: 12702- I 2709. 
W AKASUGI, K ., T. NAKA 0, C. KITATS JI, A D I. M ORISHIMA. 2004. Hu-
man neuroglobin interacts with Xoti llin- I , a lipid raft microdomain-
associated protein. Biochemical and Biophysica l Research Com-
munications 318: 453-460. 
J. PlIr{lsiro/ .. 93( I). 2007. pp. 198- 202 
C American Society of Parasitologists 2007 
Cryptosporidium and Giardia in Marine-Foraging River Otters (Lontra canadensis) From 
the Puget Sound Georgia Basin Ecosystem 
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ABSTRACT: Species of Crypfosporid iulII and Giardia can infect human 
and wi ldli fe and have the potential to be transmitted between the e 2 
groups; yet, very little is Known about these protozoans in marine w ild-
li fe. Feces of ri ver otters (Lon/l'a canadensis), a common marine w ild-
li fe specie in the Puget Sound Georgia Basin, were examined for spe-
cies of CryplOsporidiulIl and Giardia to determine their role in the ep-
idemiology o f these pathogen . Using ZnSO. fl otation and immuno-
magnetic eparation, fo llowed by direct immunofluorescent antibody 
detection ( IMS/OFA), we identified Cryplosporiditlll1 sp. oocysts in 9 
fecal samples from 6 locations and Giardia p. cyst in I I fecal sample 
from 7 locations. The putati ve ri sk factors of prox imate human popu-
lation and degree of anthropogenic shoreline modification were not as-
sociated with the detection of Cryptosporidium or Giardia spp. in river 
otter feces. Amplification of DNA from the IMSIDFA slide scrapings 
was successful for 1 sample containing >500 Cryptosporidium sp. 00-
cysts. Sequences from the Cryptosporidium 18S rRNA and the COWP 
loci were most similar to the ferret Cryptosporidium sp. genotype. River 
otters could serve as reservoirs for Cryptosporidium and Giardia spe-
cies in marine ecosystems. More work is needed to better understand 
the zoonotic potential of the genotypes they carry as well as their im-
plications for river otter health. 
Cryptosporidium parvum and Giardia duodenalis are protozoans that 
can infect humans as well as numerous species of wildlife and domestic 
animals (Fayer et aI., 2000; Thompson, 2000). Little is known about 
the epidemiology of these pathogens at the human-wildlife interface; 
yet, often wildlife are assumed to be transmitting pathogens to humans, 
especially Giardia species (Dykes et aI., 1980; Erlandsen et al., 1988). 
Human recreational water quality standards are being developed and 
enforced for beaches in Washington and other states; yet, virtually noth-
ing is known about the epidemiology and the potential for zoonotic 
transmission of Cryptosporidium and Giardia species in marine eco-
systems. Oocysts of C. parvum can survive for at least 1 yr in salt water 
(Tamburrini and Pozio, 1999) and can be concentrated by filter-feeding 
bivalves, including mussels (Tamburrini and Pozio, 1999) and oysters 
(Fayer et aI., 1999). Similarly, G. duodenalis cysts can persist in aquatic 
environments and are concentrated by bivalves such as mussels and 
clams (Graczyk et aI., 2003). 
Cryptosporidium and Giardia spp. have been identified in California 
sea lions (Zalophus californianus) (Deng et aI., 2000) and ringed seals 
(Phoca hispida) (Olson et aI., 1997; Fayer et al., 2004; Hughes-Hanks 
et al., 2005; Santin et aI., 2005) as well as in North Atlantic right whales 
(Eubalaena glacialis) and bowhead whales (Ralaena mysticetus) 
(Hughes-Hanks et aI., 2005). Cryptosporidium sp. has been identified 
in dugong (Dugong dugon) (Hill et aI., 1997) and Giardia spp. have 
been identified in harp seals (P. groenlandica), grey seals (Halichoerus 
grypus), and a harbor seal (P. vitulina) from eastern coastal Canada 
(Measures and Olson, 1999), but not from other mammals that use 
marine waters. 
The Puget Sound Georgia Basin (PSGB) marine ecosystem is a high-
ly productive inland sea in the transboundary region between Washing-
ton state, U.S.A., and British Columbia, Canada (48°30'N, 123°40'W). 
Nearly 7 million people reside along the shores of this ecosystem where 
humans, wildlife, and domestic animals share habitat and marine re-
sources (Fraser et aI., 2006). To determine whether Cryptosporidium 
and Giardia species are present in marine wildlife from this ecosystem, 
we examined the feces of free-ranging marine-foraging river otters 
(Lontra canadensis) for Cryptosporidium and Giardia spp. River otters 
are widely distributed throughout the marine waters of the PSGB where 
they primarily feed on numerous species of marine fish and inverte-
brates (Stenson et aI., 1984; Jones, 2000). They have a high metabolic 
rate and defecate at latrine sites on docks and on shorelines (Ben-David 
et aI., 1998), presenting the opportunity to evaluate fecal samples col-
lected at the land-sea interface around the region. Specifically, our ob-
jectives were to (1) determine whether river otters in the region were 
infected with these protozoans, (2) characterize the isolates by using 
molecular tools, and (3) evaluate whether Cryptosporidium and Giardia 
spp. infections in river otters are associated with otter proximity to 
larger human populations or degree of adjacent shoreline modification. 
In Washington state, river otter fecal salliples were collected from 
docks and along the marine shoreline between February and June 2003. 
Fecal samples were identified as river otter based on size, conformation, 
content, and location, and were collected individually for refrigeration 
until testing. Only samples less than 24 hr old were collected as deter-
mined by degree of desiccation relative to weather conditions over the 
past few days. To take replicate samples at a spatial location, but avoid 
repeat sampling of the same animal, samples were collected from com-
munal latrine sites when 3 to 5 fresh fecal samples were deposited 
during the last 24 hr and could be individually identified as being from 
different animals by gross examination of fish bones and shellfish re-
mains in the samples. Latrine study sites were spaced at least 20 km 
apart by water (shoreline or open water) or 15 km apart over land. 
Adjacent sites that were less than 40 km apart were sampled on the 
same day or the following day to prevent resampling of the same animal 
at 2 adjacent sites. Sites were classified by their percentage of shoreline 
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modification as determined by the Washington state ShoreZone Inven-
tory (http://www.sharedsalmonstrategy.org/images/maps/shoreline.jpg) 
and size of the proximal resident human population by using the 2000 
U.S. Census (http://quickfacts.census.govl). 
In British Columbia, latrines were identified from land and water. 
Using the same criteria for identification and freshness, fecal samples 
were collected along the marine shoreline of southern Vancouver Island 
from the city of Victoria and outlying islets to the community of Port 
Renfrew between June and November 2004. Individual samples were 
collected opportunistically from small as well as communal latrine sites 
and stored chilled until testing. No efforts were made to prevent resam-
piing of the same animal. 
Fresh fecal samples collected in Washington state were tested for 
Cryptosporidium sp. oocysts and Giardia sp. cysts by using 2 tech-
niques, i.e., double centrifugation flotation with ZnS04 (specific gravity 
1.2) and immunomagnetic separation followed by direct immunofluo-
rescent antibody (IMSIDFA) detection (Pereira et aI., 1999; Zajac et al., 
2002). When positively labeled Cryptosporidium sp. oocysts or Giardia 
sp. cysts were identified by IMS/DFA, the slide contents were scraped 
and washed for DNA extraction and amplification. Cryptosporidium sp. 
DNA in positive samples was amplified using established primers de-
signed specifically to amplify genomic DNA sequences for a segment 
of the 18S rRNA gene (Xiao et aI., 1999) and a segment of the Cryp-
tosporidium sp. oocyst wall protein (COWP) gene (Spano et aI., 1997). 
The primers used on Giardia sp.-positive samples amplified a segment 
of the 18S rRNA gene (McGlade et aI., 2003). Amplified products were 
sequenced and aligned using GeneDoc software (Nicholas et aI., 1997) 
for comparison with GenBank reference genotypes. 
Fresh fecal samples collected in British Columbia were tested only 
for Cryptosporidium sp. oocysts and Giardia sp. cysts by using ZnS04 
flotation (specific gravity 1.2) and sucrose flotation (Gajadhar, 1994). 
Molecular characterization was not performed. 
Putative risk factors that could be associated with detection of Cryp-
tosporidium sp. or Giardia sp. in river otter feces were identified, and 
the data were analyzed for all Washington study sites and time points. 
The sample collection month was recorded, ranging from February 
through June 2003. The coastal human population living adjacent to 
each river otter fecal collection site was categorized as low «5,000 
people), medium (5-15,000 people), or high (> 15,000 people), based 
on data from the 2000 Census (http://quickfacts.census.gov/). The extent 
of shoreline modified for human habitation in the region of each river 
otter fecal collection site was categorized as low «40% modification), 
medium (41-60% modification), or high (>60% modification). Logistic 
regression methods were used to assess the strength of association be-
tween each putative risk factor and the separate outcomes of detecting 
species of Cryptosporidium or Giardia in river otter feces, while ad-
justing for repeated sampling within sites by using a cluster variable. 
Statistical analyses were conducted using Stata software (Stata Corpo-
ration, College Station, Texas), and significant P values were defined 
as <0.1. 
In Washington state, 57 fresh river otter fecal samples were collected 
from 13 locations throughout the Puget Sound region (Fig. 1). Cryp-
tosporidium sp. oocysts were detected in 4 samples from 4 locations 
(Fig. 1). Giardia sp. cysts were detected in 11 samples from 7 locations 
(Fig. 1). Fecal samples coinfected with species of Cryptosporidium and 
Giardia were not detected, although animals infected with Cryptospo-
ridium sp. and animals infected with Giardia sp. were detected con-
currently at 3 locations (Seattle, Union, and Shelton; Fig. 1). Three 
Cryptosporidium sp.-positive samples were detected by IMS/DFA but 
not fecal flotation, and 1 positive was detected by flotation but not by 
IMSIDFA. Of the IMSIDFA-positive samples, 2 positive samples had 
fewer than 5 oocysts, and 1 sample contained >500 oocysts. Giardia 
sp. cysts were detected by IMSIDFA but not by fecal flotation in 6 
samples and by flotation but not IMSIDFA in 5 samples. Cysts per IMSI 
DFA sample ranged from as few as 2 to as many as 203. Frank blood 
was noted in the 1 sample containing >200 Giardia sp. cysts. 
Amplification of DNA from the IMSIDFA slide scrapings was suc-
cessful for the sample containing >500 Cryptosporidium sp. oocysts 
but not for the other Cryptosporidium sp. or Giardia sp.-positive sam-
ples that contained fewer parasites. For both the Cryptosporidium sp. 
18S rRNA and the COWP loci, polymerase chain reaction (PCR) prod-
ucts were sequenced in 2 directions and found to be most similar to the 
ferret, Cryptosporidium sp., genotype in a nBLAST search and by using 
200 THE JOURNAL OF PARASITOLOGY, VOL. 93, NO. 1, FEBRUARY 2007 
N 
+ 
, ,\ 
Flo RE I . Location and number o f CryptosporidiLIIIl sp. - ( in square) and Giardia sp. ( in circle)-positive feca l samples and the total number 
of river Oller feca l samples co llected per site ( in triangle). Due to differences in sampling, the number of fecal samples collec ted is not given for 
Canadian sites. A ClUal locations of sample are represented by circ les; squares, and triangle are off set slightly for easier reading. Inset identifies 
Puget Sound Georgia Basin location relati ve to Oregon, Washington, and British Columbia. 
GeneDoc alignment oft ware. Di fferences along the 8 16-bp 18S rR A 
locus were noted when comparing the ri ver otter sequence (GenBank 
DQ288 166) and the ferret CryptosporidiLlm sp. genotype (AF I 12572). 
Speci fica lly, in the region from bp 198 to bp 101 7, the ri ver otter 18 
sequence di f fered from the ferret genotype at bp 229 and in the bp 690-
700 variable region. Similarl y, di fferences were noted between the ri ver 
otter sequence (GenBank DQ288 167) and ferret genotype (A F266267) 
along the 538-bp COWP locus. The ri ver otter COWP locus dj ffered 
from the ferret genotype with T-C conversions at bp 354 and bp 747 
bp as well as a C-T conversion at bp 8 19. 
Risk factor analys is of the variables sample collection months, ad-
j acent human population, and extent of shoreline modification for as-
sociation with detecting species of CryptosporidiLlIII or Giardia in ri ver 
otter feces were assessed using the results o f all 57 feca l samples and 
by using a cluster variable to adj u t for repeated sampling w ithin ites. 
None of the putative ri sk factors was found to be significantly associated 
(P < 0.1 ) w ith detection of Cryptosporrdium or Giardia spp. in ri ver 
otter fecal sample . 
In Briti sh Columbia, 36 ri ver otter fecal samples were collected from 
30 sites along the southern tip of Vancouver Island. C' yptosporidiLlIII 
sp. oocysts were detected in 5 samples from 2 locations (Fig. I ). Giar-
dia sp. cysts were not detected. 
Human, companion animal, and agricultural-related feca l material are 
discharged, dumped, or carried in runoff into marine waters all over the 
world (Fayer et aI. , 2004). In the PSGB, for example, untreated ewage 
effluent from an estimated 2 10,000 people li ving on the southern end 
of Vancouver Island i discharged from 2 marine outfalls averaging 
80,000 m3/day and 50,000 m3/day in wet w inter months (Hodgins et 
aI. , 1998), highlighting the need to better under tand the epidemiology 
of ,yptosp oridiwll and Giardia pp. in marine w ildlife and their eco-
ystems. We identified specie of Cryptosporid iwll and Giardia in ma-
rine-foraging ri ver otters throughout the PSGB, highlighting for the firs t 
time that thi w idely distributed pecies can be infected w ith and shed 
these protozoans throughout this marine ecosystem. Ri ver otters drink 
f resh water from streams and culverts that drain urbanized shorelines 
and empty into the marine waters of the PSGB. They also defecate on 
docks and boats and on horeline adjacent to where people grow and 
har vest shellfi sh, which have been shown to concentrate these potential 
pathogens (Fayer et aI. , 1999; Tamburrini and Pozio, 1999; Graczyk et 
aI., 2003). Because some Cryptosporid iLlIII and Giardia spp. have health 
implications and can be transmitted am ongst humans and animals, it is 
important to consider w hether human di scharge could be infecting ri ver 
otters or whether ri ver otters could be contaminating shellfish beds and 
thereby in fecting humans. 
Four of 57 or 7% of river otters in the marine waters of the Puget 
Sound region were shedding Cryptosporid iLlI11 sp. at the time of sam-
pling, and II of 57 or 19% were hedding Giardia sp. In Washington, 
attempts were made to minimize resampling of the same indiv idual by 
gro s evaluation of feca l contents at each site, by selecting adjacent 
site that were at least 20 km apart by water or I S km apart over land, 
and by sampling adjacent sites on the same or subsequent days. Data 
on marine- foraging ri ver Oller home range in Washington are not avail-
able, but home range for marine-foraging ri ver otter in Alaska vari es 
between 10 and 40 km of shorel ine, depending 0 )1 the sex of the animal 
and ite (Bowyer et aI. , 2003) . A ssuming that home range is similar in 
Washington state, it i s highly unlikely that the ame animal wa sampled 
at adjacent sites due to the distances between selected sites and that 
adjacent sites that were less than 40 km apart were sampled on the 
same or following day. The British Columbia ri ver otter survey showed 
that a Cryptosporid iul11 sp. also is pre ent in otters using similar habitats 
nearby in Canada. Using di fferent laboratory methods and varying am-
ple sizes, other work has identified specie of Giardia and Clyptospo-
ridiLlm in fection of vary ing prevalence in di fferent species of marine 
mammals. Giardia sp. prevalence was estimated at 20% (Olson et aI. , 
• 
1997) and 64.5% (Hughes-Hanks et aI., 2005) in ringed seals, 50% in 
harp seals (Measures and Olson, 1999),71.4% in right whales (Hughes-
Hanks et aI., 2005), and 33.3% in bowhead whales (Hughes-Hanks et 
aI., 2005). Cryptosporidium sp. prevalence ranges from 5.1 % in bow-
head whales to 22.6% in ringed seals and 24.5% in right whales 
(Hughes-Hanks et aI., 2005). 
River otters can be found in urban and rural areas throughout the 
PSGB. We used human population and the degree of anthropogenic 
shoreline modification as putative risk factors in an effort to determine 
whether human proximity or development could be influencing river 
otter infection with species of Cryptosporidium or Giardia. We found 
no significant association, but this does not negate the possibility that 
anthropogenic factors not evaluated in this study could be involved in 
marine mammal infections. Using mussels (Mytilus sp.) and oysters 
(Crassostrea spp.) as bioindicators of marine and estuarine contami-
nation, Miller et ai. (2005) and Fayer et ai. (2002) found that freshwater 
outflow and precipitation events were associated with increased odds 
for detecting Cryptosporidium sp. Due to the relatively large home 
range of river otters compared with sessile organisms and lack of in-
formation about Giardia and Cryptosporidium spp. infection and shed-
ding duration, these environmental risk factors were not evaluated for 
river otters. More work is needed to characterize the Cryptosporidium 
and Giardia species genotypes found in river otters and other wildlife 
species to better evaluate anthropogenic and environmental factors be-
fore this issue can be resolved in the Pacific Northwest. 
Analysis of the river otter Cryptosporidium sp. isolate at 2 loci re-
vealed a novel genotype that most closely resembles the C. parvum 
ferret genotype (AF266267 and AFl12572). Ferrets and river otters are 
closely related mustelids, and it is possible that the Cryptosporidium sp. 
identified represents a genotype unique to river otters. If this genotype 
is host adapted to river otters and is the genotype most often associated 
with marine-foraging river otters in the PSGB, then it is less likely that 
river otter infection is zoonotic and associated with human habitation, 
shoreline modification, or fecal waste discharged into marine waters. 
Additional biological and molecular characterization is needed to de-
termine whether the river otter genotype can be transmitted to humans 
or other animals. Other Cryptosporidium sp. genotypes have been 
shown to be host adapted and only present a major health risk to im-
munocompromised humans outside the host range (Gajadhar, 1994; 
Fayer et al., 2000). 
Mere detection of infectious agents does not imply their ability to 
cause morbidity or mortality in the host, and the significance of Cryp-
tosporidium and Giardia spp. infection to the health of marine-foraging 
river otters is unknown. Although the potential exists for these organ-
isms to cause disease in river otters, neither parasite has been previously 
identified as a pathogen in this species (Kimber and Kollias, 2000). 
Frank blood was present in the 1 sample containing >200 Giardia sp. 
cysts, but this could have been coincidental and does not prove that 
Giardia sp. causes disease in river otters. To better understand the role 
of Cryptosporidium and Giardia spp. in causing disease, otters from 
zoological collections with gastrointestinal disease should be tested for 
species of Cryptosporidium and Giardia by using IMSIDFA as well as 
ZnS04 flotation. Isolates should be characterized molecularly and the 
remission of clinical signs should follow treatment with appropriate 
antiprotozoal medication to confirm protozoal involvement in causing 
disease. 
This study used the most sensitive methods currently available for 
detection of Cryptosporidium sp. oocysts and 'Giardia sp. cysts in fecal 
samples. Traditional methods such as fecal flotation and DFA alone 
have been shown to detect 1,000 or more oocysts or cysts/g feces (Xiao 
and Herd, 1993). Immunomagnetic separation is a concentration method 
that allows for analysis of a O.5-ml fecal pellet before DFA quantitation, 
in contrast to the 10 fl.l that is analyzed when DFA is used alone. The 
IMS method has been shown to improve sensitivity by 1-2 10gIO units, 
from 1,000 oocysts to 10 oocysts/g feces (Pereira et aI., 1999). With 
the increased sensitivity of IMSIDFA detection, we can expect to detect 
both newly infected high shedding animals as well as chronic low shed-
ding animals. In addition, this study used a serial fecal processing pro-
tocol to directly combine IMS concentration with quantitative fluores-
cent microscopy, followed by DNA amplification, so that molecular 
characterization could be carried out without requiring a separate IMS 
concentration step. Amplification of samples positive by fecal flotation 
was not attempted because the IMSIDFA preparation was expected to 
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be more sensitive, specific, and efficient for providing clean DNA tem-
plate for PCR analysis. It is interesting that 5 samples were positive for 
Giardia sp. cysts by fecal flotation but negative by IMS/DFA testing. 
The Giardia sp. cysts seen in the flotation slide could have been an 
antigenically different Giardia species than the G. duodenalis against 
which the IMS antibodies were designed. 
Adding marine-foraging river otters to the list of marine species that 
can be infected with and shed Cryptosporidium and Giardia spp. pro-
vides support that these protozoan parasites are probably more common 
in marine waters and in marine wildlife than was previously thought. 
Additional work is warranted to better understand the taxonomy, epi-
demiology, and zoonotic potential of Cryptosporidium and Giardia spp. 
in river otters and other marine wildlife. 
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Animal Foundation (Grants D02Z0-90 and D04Z0-04), and the 
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of California-Davis Wildlife Health Center; a center of excellence at 
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ABSTRACT: We examined the role that predation of infected con specific 
fish and postcyclic transmission might play in the life cycle of the Asian 
fish tapeworm, Bothriocephalus acheilognathi (Cestoda: Pseudophyllid-
ea) Yamaguti, 1934. Young-of-the-year (YOY) bony tail chub (Gila ele-
gans) were exposed to copepods infec;tljd with B. acheilognathi and 
subsequently fed to subadult bony tail chub. Within 1 wk after con-
sumption of the YOY chub, subadults were necropsied and found in-
fected with gravid and nongravid tapeworms. This study provides evi-
dence that postcyclic transfer of B. acheilognathi can occur. Postcyclic 
transmission may be an important life history trait of B. acheilognathi 
that merits consideration when studying the impact and distribution of 
this invasive and potentially pathogenic tapeworm. 
Postcyclic parasite transmission, as proposed by Bozhkov (1969), oc-
curs when an adult parasite is ingested indirectly by its definitive host's 
predator and subsequently survives to parasitize the predator (Odening, 
1976; Nickol, 1985). The phenomenon has been demonstrated experi-
mentally in fish for a number of acanthocephalan species (Lassiere and 
Crompton, 1988; Kennedy, 1999; Rauque et aI., 2002; McCormick and 
Nickol, 2004). This mode of parasite transmission was also demonstrat-
ed through mechan ical transplantation for different stages of several 
species of Proteocephalus (Willemse, 1969) and has been suggested to 
occur in several other species of this genus (Scholz and Hanzelova, 
1998). It is also a likely route of transmission for the fish tapeworm 
Bothriocephalus pearsei (Scholz et aI., 1996). Reports of postcyclic 
transmission are often suggestive and derive from observations of par-
asites infecting fish that are not likely to consume the proper interme-
diate host to acquire the infection. 
Pseudophyllidean tapeworms utilize a copepod first intermediate host 
for the larval procercoid stage and generally require a fish as the second 
intermediate host for the plerocercoid stage. Plerocercoids typically em-
bed and develop in muscle or visceral mass of the fish. Larger fish or, 
in some cases, a mammal is host to the adult stage of the worm. The 
life cycle of the Asian fish tapeworm (Bothriocephalus acheilognathi 
Yamaguti, 1934) (Bothriocephalus gowkongensis Yeh, 1955), however, 
does not require a second intermediate or paratenic host, and transmis-
sion to the final fish host takes place directly via ingestion of copepods 
infected with the procercoid stage (Kbrting, 1975). Postcyclic transmis-
sion has not been reported as a mode of transmission for B. acheilo-
gnathi, although small fish have been reported as "carriers" (Hoffman, 
1999). 
Bothriocephalus acheilognathi is a species native to Japan; however, 
its distribution has expanded to 5 continents because of its predilection 
for widely transplanted cyprinid fish such as carp and grass carp, as 
well as for mosquitofish and several baitfish species (Hoffman, 1999). 
In the United States, it was discovered in portions of the Colorado River 
watershed (Heckman et al., 1986; Brouder and Hoffnagle, 1997) and 
now infects the federally endangered humpback chub (Gila cypha) as 
its main host in the Little Colorado River (Choudhury et aI., 2004). 
Pathogenicity has been well documented in juvenile, hatchery-reared 
carp (Liao and Shih, 1956; Bauer et aI., 1973). Hansen et ai. (2006) 
demonstrated that infections in bony tail chub (Gila elegans) decrease 
growth by approximately 8% when compared to controls and that 62% 
of infected fish on a limited food ration suffered mortality. While these 
experimental exposures targeted young fish that select copepods as prey, 
questions arose as to whether older fish could become infected as a 
result of piscivory, including cannibalism. Herein we present results that 
document postcyclic transmission of B. acheilognathi via cannibalism 
as a transmission route. 
Bony tail chub were acquired from Dexter National Fish Hatchery 
(DNFH), Dexter, New Mexico, and reared in 76-L tanks at the National 
Wildlife Health Center (NWHC), Madison, Wisconsin, until they were 
approximately 26 mo old. These fish were not exposed to B. acheil-
ognathi at NWHC and to our knowledge were not exposed at DNFH. 
Fish were fed Biokyowa® (Kyowa Hakko, New York, New York) com-
mercial fish food and some Artemia sp. nauplii ad libitum during this 
period. Four fish from this group of 22 large chub (hereafter referred 
to as predator chub) were placed in a 114-L tank for the exposure trial. 
The 18 remaining chub were withheld from the experimental process 
and served as controls. 
Eight young-of-the-year (YOY) bony tail chub (age 69-71 days; ap-
proximately 22-mm fork length; hereafter referred to as prey chub) were 
exposed to cyclopoid copepods (Acanthocyclops robustus) infected with 
B. acheilognathi (as described in Hansen et aI., 2006). At 11 days post-
exposure, the prey chub were removed and released into the tank con-
taining the 4 predator chub. Small-diameter Biokyowa and Artemia sp. 
nauplii were occasionally added for the prey chub. The predator chub 
were not fed throughout the course of the trial until all small chub were 
consumed, after which they were fed Biokyowa ad libitum. 
All prey chub released into the predator tank were consumed within 
23 days. Approximately 1 wk after the last fish was consumed, the 
predator fish were necropsied and examined for evidence of postcyclic 
tapeworm infections. Three of the 4 predator chub were infected with 
1, 1, and 36 B. acheilognathi worms, respectively. Four of the worms 
from the group of 36 had mature segments containing tanned eggs. 
Fifteen of the 18 control fish were examined for infections of B. achei-
lognathi, and no worms were found. 
The present study provides strong evidence that B. acheilognathi can 
be transmitted postcyclically from one fish to another. Although small 
humpback chub feed primarily on zooplankton and smaller inverte-
brates, the feeding habits become generalist and opportunistic with age, 
and cannibalism has been reported (Kaeding and Zimmerman, 1983; 
Stone, 2004; Stone and Gorman, 2006), thereby promoting the chance 
for postcyclic transmission. Furthermore, it appears that parasite devel-
opment may be important for successful postcyclic transmission since 
predator chub that consumed 5-day, postexposure prey chub were not 
found to be infected (data not shown), whereas predator chub that con-
sumed ll-day, postexposure prey chub, as reported here, were found to 
be infected. • , 
Postcyclic transmission is not necessarily important in the life history 
of the parasite unless the worms can be transferred in the mature state 
or become sexually mature after transfer (Nickol, 2003). Our observa-
tion of worms with tanned eggs from the second postcyclic exposure 
of 1 predator fish is suggestive of the potential for postcyclic transmis-
sion in the life cycle of this tapeworm. It remains unknown if the gravid 
worm matured in a prey or predator fish since the last prey chub was 
consumed 34 days after being exposed to infected copepods allowing, 
at the experimental temperatures of approximately 23 C, enough time 
for B. acheilognathi to become patent before the postcyclic transmission 
event (Bauer et aI., 1973). 
Small tributary streams to the Little Colorado River likely act as 
important reservoirs for B. acheilognathi since they provide a viable 
habitat for copepod production and are home to an abundance of small 
cyprinid species such as speckled dace (Rhinichthys osculus) and fat-
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head minnows (Pimephales promelas) (Choudhury et al., 2004). Post-
cyclic infections in adult and subadult fish can play an important func-
tional role in expanding the distribution of B. acheilognathi outside 
these areas. Larger chub in general will have a greater range than small 
cyprinids, including larval and postlarval humpback chub, thus pro-
moting the potential for spread of B. acheilognathi to other thermally 
suitable portions of the Colorado River watershed. 
Results of this study provide insight into the life history evolution of 
parasite transmission and reproductive strategies. Greater parasite trans-
mission success is generally associated with increased life cycle com-
plexity (but see Poulin, 1998), as evidenced in a study of 2 sympatric 
Bothriocephalus species (Morand et aI., 1995). If this hypothesis can 
be supported for B. acheilognathi, the question of why it maintains a 
simple life cycle remains. Postcyclic transmission may be an adaptation 
that offsets the need for a more complex life cycle and other charac-
teristics such as this tapeworm's low host specificity (Freeman, 1973; 
Dove et aI., 1997; Hoffman, 1999; Salgado-Maldonado et al., 2003). 
The "crowding effect" from increasing parasite density and competition 
in the limited space of host tissue can negatively impact cestode de-
velopment inhibiting growth, maturity, and fecundity (Liao and Shih, 
1956; Jones and Tan, 1971; Davydov, 1978; Kennedy, 1983). In the 
event of postcyclic transmission, the relocation of worms to older and 
larger fish with greater gut area, higher food intake, and reduced met-
abolic rate may alleviate these crowding effects. 
Although the impact of B. acheilognathi infections in terms of re-
duced survival and growth retardation appear to most heavily affect the 
earlier developmental stages of fishes, including bony tail chub (Liao 
and Shih, 1956; Hansen et al., 2006), the effects on older and larger 
fish may be more discrete. The prevalence and intensity of B. acheil-
ognathi infections have been found to decrease in older carp (Liao and 
Shih, 1956; Bauer et aI., 1973; Choudhury et al., 2004), which may be 
attributed to a change in diet or a more developed immune system. 
Meanwhile, the piscivorous nature of older humpback chub, unlike carp, 
enhances the potential for tapeworm infections in mature fish. Our study 
demonstrates an additional route for tapeworm acquisition in humpback 
chub and emphasizes the need for future research on the potential neg-
ative affects this parasite may have on older fish. 
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assistance. We are also very grateful to Stanislav Stankevitch for his 
assistance in translating Russian literature. We also thank Roger Ham-
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ABSTRACT: Forty-eight scaled quail (Callipepla squamata) were col-
lected during August 2002 at Elephant Mountain Wildlife Management 
Area in Brewster County, Texas, and examined for helminths. Eight 
species of helminths were found (5 nematodes and 3 cestodes), repre-
senting 2,811 individuals. Of these species, Gongylonema sp., Procyr-
nea pileata, and Choanotaenia infundibulum are reported from scaled 
quail for the first time. Prevalence of Aulonocephalus pennula, Gon-
gylonema sp., Oxyspirura petrowi, Physf;!loptera sp., P. pileata, C. in-
fundibulum, Fuhrmannetta sp., and Rhabdometra odiosa was 98, 2, 56, 
4, 60, 2, 25, and 35%, respectively. Aulonocephalus pennula numeri-
cally dominated, accounting for 88% of total worms. Statistical analyses 
were performed on the 5 species with 2:25% prevalence using the after-
hatch-year host sample (n = 38). Prevalence of P. pileata was higher 
(P = 0.049) in females than in males and higher (P = 0.037) in the 
sample collected from the site that had spreader dams (berms 1-2 m 
high and 4-55 m long constructed in varying sizes to catch and retain 
rainfall) than the control site (no spreader dams). Higher rank mean 
abundance of A. pennula and O. petrowi (P = 0.0001 and P = 0.0052, 
respectively) was found in the host sample collected from the site that 
had spreader dams than the control site. A host gender-by-collection 
site interaction (P = 0.0215) was observed for P. pileata. Findings 
indicate that scaled quail are acquiring indirect life cycle helminths in 
arid western Texas habitats. 
Arid regions may pose a particularly challenging environment for 
persistence of helminth populations, especially for direct life cycle spe-
cies in which high evaporation rates may decrease survival of exposed 
infective stages (Gray et aI., 1978). Additionally, helminths that have 
complex life cycles requiring threshold densities of both intermediate 
and definitive hosts may be at a disadvantage in regions where envi-
ronmental conditions limit host densities (Dobson, 1989). 
In arid regions of western Texas, spreader dams (berms 1-2 m high 
and 4-55 m long constructed in varying sizes to catch and retain rain-
fall) are being used 'to increase available surface water and create moist 
soil environments for wildlife. However, it is unknown how these hab-
itat modifications influence host-parasite systems. For example, con-
centrating susceptible hosts around spreader dams could facilitate trans-
mission of direct and indirect life cycle helminths. To examine further 
the influence of arid environments on parasite communities, we assessed 
the helminth community in scaled quail (Callipepla squamata) from 
western Texas. Our specific objectives were to determine the helminth 
fauna of scaled quail from Elephant Mountain Wildlife Management 
Area (EMWMA) in Brewster County, Texas; to examine the structure 
and patterns of observed helminth communities; and to relate these 
findings to host-parasite interactions. 
Elephant Mountain Wildlife Management Area (Fig. 1; 300 2'1.5''N, 
103°34'2.9"W) was acquired in 1985 by the state of Texas, with stew-
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FIGURE I . Location of Elephant M ountain Wildli fe M anagement 
Area, Brewster County, Texas. 
ardship responsibilities by Texas Parks and Wildlife Department. Two 
major drainages occur on the study area. Calamity Creek is an inter-
mittent tream that occurs on the western side of EMWMA. It fl ows 
only during epi sodes of fl ood ing resulting from inten e rainfall (Leri ch, 
2002). Chalk Valley i. a shallow drainage with a restricted watershed 
occurring on the east side of Elephant M ountain . Chalk Valley doe not 
typica lly contain f ree water on a large scale on the EMWMA (L erich, 
2002). Spreader dams were constructed on this portion of the EMWMA 
beginning in the 1950s. 
The EMWMA is characterized as arid , averaging 367 mm ( 1986-
2003) of precipitation at the headquarters located on the Calamity Creek 
watershed (Texas Parks and Wildlife Department, unpubl. obs.). Precip-
itation data have not been collected from the Chalk Valley area. Annual 
precipitation the year before host collections was 205 mm, which was 
below the 15 yr ( 1986-2000) average of 373 mm. During 2002 before 
host collections, approx imately 177 mm of the total annual precipitation 
(286 mm) occurred. Wildlife access to other water resources on the 
EMWMA includes livestock watering troughs on both portions of the 
EMWMA. ~. 
M ajor plant communities of the EMWMA have been described by 
Lerich (2002); vegetation on the Chalk Valley watershed varies from 
grama (Bouleloua spp.) and tobosa (Pleuraphis [Hilaria] spp.)-domi-
nated grasslands to Chihuahuan Desert scrubland, whereas plant com-
munities on the Calamity Creek watershed include dropseed (Sporo-
bolus spp.) and tobosa-dominated grasslands to mesquite (Prosopis 
glandulosa)-dominated shrublands. Description of the EMWMA's cli -
mate and hydrology are presented in Leri ch (2002). 
Scaled quail were collected by shooting during August 2002. Thi s 
collection method was chosen to avoid biases often associated w ith 
using baited trap stations (Weatherhead and Ankney, 1984), which can 
artificially concentrate hosts and reduce sampling distribution of the 
host population. Our collection method, however, samples " normal " 
birds, i.e. , those that are capable of fli ght, maintaining covey member-
ship, and pair-bond relationships. Consequently, it does not sample in-
dividuals too weak to maintain social relationships. Therefore, data pre-
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sen ted and interpretation should be viewed w ithin this contex t. Collec-
tions were conducted under permit from Texa Parks and Wildlife De-
partment (permit SPR-0498-949) and the EMWMA (entry permit 
02- 10). This study was conducted in accordance w ith Texas A&M Un i-
versity-Kingsville's Institutional Animal Care and Use Committee (au-
thorization Y2K-6-4). 
Scaled quail were aged as hatch-year ( fledged juveniles; HY) or after-
hatch-year (subadults and adults; AHY) according to Dimmick and Pel-
ton ( 1996) and sexed by gonadal examination. Each bird was placed 
into an indi vidually marked freezer bag, fast-frozen in the fie ld by im-
mersion into a container of ethy l alcohol and dry ice, and stored in 
f reezers unti I necropsy. 
Each scaled quail was examined for helminths according to proce-
dures outlined in Glass et al. (2002). Nematodes were fixed in glacial 
acetic acid, stored in a mi xture of 70% alcohol and 8% glycerin , and 
examined with a microscope and/or dissection scope in alcohol- glycerin 
wet mounts. If nece sary for identification, nematodes were cleared in 
glycerin . Cestodes were fi xed in acid-formalin-ethyl alcohol solution, 
stored in 70% alcohol , stained with Semichon's acetocarmine, mounted 
in Canada balsam, and examined with a micro cope. 
Specimens of Aulonocephalus found in this study are reported as A. 
pellllula, based on the following in formation. Canavan ( 1929) described 
Subulura pennula from the scaled quai l in Texas and Ari zona. Based 
on nematodes also co llected from the scaled quail in Texas, Chandler 
( 1935) created a new genus, Aulonocephalus, with A. lindquisli as the 
type specie , making no mention of S. pennula in his diagnosis. The 
principal character of the new genus was "six conspicuous trough-like 
grooves radiating from the mouth " (Chandler, 1935). A lthough Canavan 
( 1929) did not describe cer vica l groove in S. pennula, they are clearly 
illustrated in his Fig. 35, and Inglis ( 1958) moved thi species to the 
genus Aulollocephalus. Besides being described from the same host and 
the same locality, A. pennl/la and A. lindquisli were similar in general 
size and shape, length of spicule , and shape of the gubernaculum. Two 
principal differences are that the vul va of A. penllula was described as 
anterior to the middle of the body and the male had 2 pairs of papillae 
beside the ventral sucker, whereas the vulva of A. lindquisti was "at or 
slightly behind middle of body" (Chandler, 1935) and the male had 3 
pair. of papillae beside the sucker. Examination by I of us (J.M.K.) of 
a gravid female paratype of A. lindquisli from the U.S. National Parasite 
Collection (US PC 39556) revealed that the vul va was anterior to the 
middle of the body at about 42% of the body length . A male paratype 
clearly had onl y 2 pairs of papillae beside the ventral sucker. In addition 
to the pecimens from the present study, a large seri es of specimens 
from sca led quail in the USNPC identified as A. lindquisti (76543 , 
79280), A. pennula (48604, 68684), Subulura brumpti (68658, 68659), 
and Subulura stron.gylina (32340, 32289, 3229 1) were examined, and 
all were determined to be the same species, A. pennula. Therefore, there 
seems to be only one species of Aulonocephalus in the scaled quail, 
and A. lindquisti is here declared a synonym of A. pennula (Canavan, 
1929) Inglis, 1958. 
The following helminths found in the present study were deposited 
in the U.S. National Parasi te Collection, Beltsville, M ary land: A. pen-
nula (097443), Gongylonem.a sp. (097445), Oxyspirura petrowi 
(097442), Physaloptera sp. (097446), Procyrnea pileata (097444), Cho-
allotaenia inf undibulum (097440), Fuhrmannella sp. (09744 1), and 
RhabdometrCI odiosa (097439). 
Preva lence, intensity, mean intensity, and abundance follow the def-
initions of Bush et al. ( 1997). Common species were defined as those 
w ith ~75% prevalence across the collective host sample, intermediate 
pecies ~25 and < 75%, and rare pec ie < 25%. In fracommunity refers 
to all in frapopulations of parasite species occurring w ithin a single host, 
and component community refer to all infrapopulations of parasites 
occurring within a parti cular subset of a host species (Bush et aI. , 1997). 
The term microhabitat refers to anatomical localities within the host. 
Statisti cal analyses were performed in SAS ver ion 6. 12 (SAS Insti -
tute, Cary, orth Carolina) using the A HY sample. Chi-square analys is 
was used to determine whether prevalence in the AHY sample varied 
by the main effects of host gender and collection site (Chalk Valley site 
with spreader dams, treatment; Calamity Creek site with no spreader 
dams, control) for species of helminths with ~25% prevalence. In cases 
where expected cell sizes were < 5, Fisher'S exact te t was used to asses 
signi ficance. The frequency distribution pattern of abundance for each 
species w ith ~25% prevalence was tested for normality. Non-normally 
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TABLE I. Descriptive statistics of helminths from 48 scaled quail (CaUipepla squamata) collected during August 2002 at Elephant Mountain 
Wildlife Management Area, Brewster County, Texas. 
Prevalence Intensity Abundance 
Species No. % x± SE Range x:!: SE Total 
Nematoda 
Aulonocephalus pennula (Canavan, 1929) Inglis, 1958 (C)* 47 98 52.8 :!: 6.5 2-173 51.7 :!: 6.5 2,483 
Gongylonema sp. Molin, 1857 (PR) 1 2 1 0.02 :!: 0.02 1 
Oxyspirura petrowi Skrjabin, 1929 (E) 27 56 5.6 :!: 0.8 1-15 3.2 :!: 0.6 152 
Physaloptera sp. Rudolphi, 1819 (CW, T) 2 4 4.5 :!: 3.5 1-8 0.2:!: 0.2 9 
Procymea pileata (Walton, 1928) Chabaud, 1975 (G) 29 60 3.1 :!: 0.4 1-10 1.9 :!: 0.3 91 
Cestoda 
Choanotaenia irifundibulum (Bloch, 1779) (LI, SI) 2 5 5 0.1 :!: 0.1 5 
Fuhrmannetta sp. Stiles and Orlemann, 1926 (LI, SI) 12 25 2.2 :!: 0.6 1-8 0.6 :!: 0.2 27 
Rhabdometra odiosa (Leidy, 1887) Jones, 1929 (LI, SI) 17 35 2.5 :!: 0.8 1-12 0.9 :!: 0.3 43 
* Microhabitats: C = ceca, CW = carcass wash, E = eye surface and nictitating membrane, G = gizzard koilin lining, LI = large intestine, PR = proventriculus, SI 
= smaIl intestine, T = trachea. 
distributed abundance data were rank transformed (Conover and Iman, 
1981) and examined for the main and interaction effects variables with 
the general linear model (GLM) of analysis of variance. The GLM 
procedure allows for statistically valid comparisons for datasets with 
unbalanced samples (SAS Institute). The least squares mean option in 
GLM was used to separate ranked means for significant interaction ef-
fects variables. Statistical significance was determined at P :s 0.05. 
Descriptive statistics are presented as a mean :!: 1 SE. 
For component community assessments, the numerical dominance 
index (D,; Leong and Holmes, 1981) was used to rank species of hel-
minths by the number of individuals that each species contributed to 
the total number of helminth individuals across the collective sample, 
by host age, host gender, and collection site. The percentage similarity 
index (PS,; Pielou, 1975) and the Jaccard's coefficient of similarity in-
dex (J,; Krebs, 1989) were used to assess similarity of component com-
munities by host age, host gender, and collection site. 
Eight species of helminths were found in 48 (10 HY, 38 AHY) scaled 
quail (Table I). One bird was uninfected, whereas the remaining 47 
individuals had 1-6 species (Fig. 2). Helminth infracommunities aver-
aged 2.9 :!: 0.2 species and 59.8 :!: 7.2 individuals. Prevalences ranged 
from 98% for A. pennula to 2% for C. infundibulum and Gongylonema 
sp. (Table I). 
Of the 5 species in which chi-square analysis was conducted on the 
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FIGURE 2. Number of helminth species found in 48 scaled quail 
(CaUipepla squamata) collected during August 2002 at Elephant Moun-
tain Wildlife Management Area, Brewster County, Texas. 
AHY sample, prevalence of P. pileata was higher (P = 0.049) in the 
female sample (79%) than in the male sample (46%) and higher (P = 
0.037) in the sample collected from the treatment site (69%) than the 
control site (33%). Higher rank mean abundance of A. pennula and O. 
petrowi (P = 0.0001 and P = 0.0052, respectively) was found in the 
host sample collected from the site that had spreader dams than the site 
without spreader dams. A significant (P = 0.0215) host gender-by-col-
lection site interaction was observed for P. pileata, in which rank mean 
abundance in the male sample from the site without spreader dams 
(control site) was lower than the male sample from the treatment site 
(P = 0.0064), female sample from the control site (P = 0.0005), and 
the female sample from the treatment site (P = 0.0005). 
Component community comparisons using D, values found A. pen-
nula numerically dominated, accounting for 88% of total worms and 
was numerically dominant across host age, host gender, and collection 
site variables (Table II). Variation was found in host age, host gender, 
and collection site variables for J, (Table III). However, PSI values of 
all comparisons were similar (Table III). 
Factors in arid environments that facilitate concentrations of suscep-
tible hosts, either by host behavior, i.e., covey and family groups or 
artificial influences, i.e., increasing available water sources, could affect 
helminth community structure. Human-altered habitats in which there 
is a discrepancy between the cues used by an animal to assess habitat 
quality and the true quality of the habitat have been characterized as an 
ecological trap (Kokko and Sutherland, 2001; Schlaepfer et aI., 2002). 
This might be the case in our study if benefits of providing a water 
resource are outweighed by increased negative impacts of parasitism. 
Based on occurrence,S species were acquired readily (2::25% preva-
lence) by scaled quail, irrespective of collection site. However, mean 
rank abundance values were higher in 2 (A. pennula and O. petrowi) 
of 5 species on the treatment site, with a third species (P. pileata) 
demonstrating a gender-by-site effect. This suggests that the site with 
spreader dams may facilitate increased acquisition of helminth individ-
uals. High numbers of indirect life cycle helminths found in scaled quail 
from the site with spreader dams suggest increased availability of in-
termediate hosts, which are likely attracted to the enhanced vegetation 
resource surrounding spreader dams. It was beyond the scope of this 
study to assess intermediate or definitive host density between treatment 
and control sites; however, given equivalent collection effort on both 
sites, scaled quail were more easily acquired on the site with spreader 
dams, suggesting attraction to these locations. 
Finding 8 species was surprising given that the few studies conducted 
in Texas found 3-4 species (Wallmo, 1956; Howard, 1981; Dancak et 
aI., 1982). Of the 8 species found in the present study, Gongylonema 
sp., P. pileata, and C. infundibulum have not been reported in scaled 
quail. Although 2 of these were found only on the treatment site, both 
were rare species (Tables I, II). Consequently, it could solely be an 
artifact of low sample size (Walther et al., 1995) on the control site 
instead of a site effect. Findings do suggest a more complex helminth 
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TABLE III. Comparative analyses of helminth communities by using 
percentage similarity (PS]) and Jaccard's (J]) indices for scaled quail 
(Callipepla squamata) collected during August 2002 at Elephant Moun-
tain Wildlife Management Area, Brewster County, Texas. 
Comparison 
Hatch-year (n = 10) and after-hatch-year (n = 38) 
Males (n = 34) and females (n = 14) 
Control site (n = 14) and treatment site (n = 34) 
94.9 
95.4 
92.1 
0.63 
0.75 
0.63 
* Values range from 0 to 100, where 0 = completely dissimilar communities and 
100 = completely similar communities. 
t Values range from 0 to 1, where 0 = completely dissimilar communities and 1 
= completely similar communities. 
community occurring in scaled quail at Elephant Mountain Wildlife 
Management Area than reported in other geographic regions. Alterna-
tively, it could reflect the intensity of necropsy examination among stud-
ies (this study involved comprehensive examination of all possible hel-
minth microhabitats). Overall, however, helminth infra- and component 
communities were relatively species poor and were dominated numer-
ically at the infra- and component community level by a single indirect 
life cycle nematode (A. pennula). This species had a dramatic effect on 
PSI values; it contributed 86.1-89.9% of all worm individuals across 
host age, host gender, and collection site comparisons (Table II). Rel-
atively low J] values reflected the presence/absence of the 3 rare species 
(Gongylonema sp., Physaloptera sp., and C. infundibulum) among the 
host age, host gender, and collection site comparisons. Absences were 
likely a reflection of the low host sample sizes within certain host sub-
groups. Walther et al. (1995) indicated that larger host sample sizes 
increases species richness. However, increased species richness is often 
the result of the addition of rare species that contribute little to com-
ponent community structure, e.g., numerical dominance. In this study, 
common and intermediate species across the AHY host sample were 
also common and intermediate even for the smallest main effects var-
iable (control site; n = 12). 
All of the species found in the present study were indirect life cycle 
helminths. Dominance of heteroxenous species has been reported in 
other helminth communities found in arid regions (Patrick, 1994; Fe-
dynich et al., 2001), which suggests a selective advantage. Possibly, this 
is related to temporal persistence of a parasitic species in hostile envi-
ronments by maintaining infective life stages in intermediate hosts 
(Mackiewicz, 1988). Alternatively, Dobson (1989) suggested that in de-
sert environments where host populations are typically low, communi-
ties should be dominated by monoxenous parasite species, particularly 
those parasites with asexual, viviparous, or autoinfection strategies. Re-
gardless of life cycle strategies, it seems that harsh environments likely 
increase selective pressure on parasites to increase transmission effi-
ciency by synchronizing their reproductive activity with that of their 
hosts (Dobson, 1989). Based on our findings, additional research should 
be directed at arid regions where anthropogenic influences may alter 
host-parasite exposure probabilities. 
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ABSTRACT: In the present study, we investigated the effects of protease 
pretreatments of host erythrocytes (RBC) on the in vitro growth of 
bovine Babesia parasites (Babesia bovis and B. bigemina) and equine 
Babesia parasites (B. equi and B. caballi). The selected proteases, tryp-
sin and chymotrypsin, clearly modified several membrane proteins of 
both bovine and equine RBC, as demonstrated by SDS-PAGE analysis; 
however, the protease treatments also modified the sialic acid content 
exclusively in bovine RBC, as demonstrated by lectin blot analysis. An 
in vitro growth assay using the protease-treated RBC showed that the 
trypsin-treated bovine RBC, but not the· chymotrypsin-treated ones, sig-
nificantly reduced the growth of B. bovis and B. bigemina as compared 
to the control. In contrast, the growth of B. equi and B. caballi was not 
affected by any of these proteases. Thus, the bovine, but not the equine, 
Babesia parasites require the trypsin-sensitive membrane (sialoglyco) 
proteins to infect the RBC. 
Babesia parasites, which are tick-transmitted hemoprotozoa in a wide 
variety of wild and domestic animals, cause a severe disease character-
ized by fever, anemia, hematuria, and hypotensive shock syndrome, 
with occasional death (Kuttler, 1988; Homer et aI., 2000). The disease, 
called babesiosis, often results in great economic loss in the livestock 
industry and serious concern relative to the international trade of horses 
throughout the world (Brown and Palmer, 1999). For the successful 
development of novel chemotherapeutics and vaccines against babesi-
osis, the molecular mechanism by which the Babesia parasites infect 
the host erythrocytes (RBC) should be correctly elucidated (Yokoyama 
et aI., 2005, 2006). 
The mechanism of erythrocyte invasion by Plasmodium Jalciparum, 
which shows several similarities to Babesia spp. with regard to its path-
ological nature (Bannister and Mitchell, 2003) and the process of eryth-
rocyte invasion (Yokoyama et aI., 2006), has been extensively studied. 
The effects of P. Jalciparum invasion by pretreatment of human RBC 
with several kinds of proteases have been determined to identify the 
erythrocyte receptors required for the infection. For example, RBC have 
a high amount of sialoglycoproteins on the surface (Furthmayr, 1977; 
Siebert and Fukuda, 1986), and some of them, such as glycophorins A 
and B, have been indicated as the host receptors. The glycophorin A-
dependent invasion of P. Jalciparum is sensitive to the pretreatment of 
host RBC with trypsin, while the glycophorin B--dependent one is tryp-
sin-resistant (Camus and Hadley, 1985; Sim et al., 1990; Orlandi et aI., 
1992; Dolan et aI., 1994; Sim et aI., 1994; Goel et aI., 2003). In studies 
with the bovine Babesia parasites, B. bovis, B. bigemina, and B. div-
ergens, pretreating bovine RBC with trypsin and chymotrypsin was also 
reported to affect their erythrocyte invasion. The B. bovis invasion was 
sensitive to both the trypsin and chymotrypsin treatments (Gaffar et al., 
2003), while that by B. bigemina was sensitive to the trypsin, but not 
the chymotrypsin, treatment (Kania et aI., 1995). However, the prolif-
eration of B. divergens decreased after the pretreatment with chymo-
trypsin, but not after that with trypsin (Zintl et aI., 2002). In contrast, 
there have been no studies on protease sensitivities to equine Babesia 
parasites, such as B. equi and B. caballi . To gain a better understanding 
of the ery throcyte infections by Babesia para ites, we evaluated the 
sensiti v ities of Babesia parasites to pretreatments of the corresponding 
host RBC with trypsin and chymotryp in on a panel of bov ine and 
equine Babesia parasites inc luding B. bovis, B. bigemina, B. equi, and 
B. cabal/i . For these parasites, in vitro culture methods have already 
been establi hed (Levy and Ri ti c, 1980; Bork et aI. , 2003; Okamura et 
aI. , 2005). M oreover, the present study, in conjunction with the results 
of lectin blot analys is, also suggested the possible role of host sialogly-
coprote ins in their erythrocyte infections. 
The USDA strains of B. equi and B. cabal/i, the Texas strain of B. 
bovis, and the Argentina strain of B. bigem.ina were cultured in v itro 
according to a microaerophilus stationary-phase culture method (Levy 
and Ristic, 1980). Briefl y, B. equi and B. caballi were cultured with 
equine RBC at a 10% packed cell vo lume in M 199 (Sigma, St. Loui , 
Missouri) and RPMl I 640 (Sigma), re pecti ve ly, containing 40% equine 
serum and an antibiotic-antimycotic ( I OOX) supplement ( Invitrogen 
Corp. , Carlsbad, California) in 24-well ce ll culture plates (N alge Nunc 
International , Roskilde, Denmark). Hypoxanthine ( 13.6 1 I-Lg/ml) (Sig-
ma) was added as a v ital supplement to the medium only for B. equi. 
Babesia bovis and B. bigemina were cultured with bovine RBC in M 199 
and RPMI , respecti vely, containing 40% bov ine serum and an antibi -
otic-antimycotic supplement. Blood was retr ieved from a selected 
hea lthy cow or hor e and defibrinated by shaking with gla s beads for 
30 min at room temperature. RBC and sera for the in v itro cultures 
were collected by centrifugation at 9 10 g for 7 min at 4 C, followed 
by removal of the buffy coat. RBC were then stored in a Vega y M ar-
tinez (VyM) buffer (Vega et aI. , 1985) at 4 C before use. Cultures were 
routinely maintained by changing the med ia daily and adjusting the 
para itemia between I % and 12%. Parasitemia was determined by 
counting more than 1,000 RBC on Giemsa-stained thin smear . Cultures 
of B. bovis, B. bigemina, and B. equi were incubated at 37 C in an 
atmosphere of 5% CO2, 5% O2, and 90% N2, while B. caballi was 
incubated in an atmosphere of 5% CO2 (Bork et aI. , 2003). 
For the trypsin or chymotrypsin treatment of RBC, freshly prepared 
bovine RBC were separately treated with 0.2, 1.0, and 5.0 mg/ml tryp-
sin (EC 3.4.2 1.4) (equal to 2,640, 13,200, and 66,000 U/ml, respecti ve-
ly) or chymotrypsin (EC 3.4.2 1.1 ) (equal to I I , 55, and 275 U/ml , 
respecti vely) for 3 hr at 37 C on a rotator (all the enzymes were pur-
chased from Sigma). The treated RBC were then thoroughly washed 5 
times in phosphate-buffered saline (PBS) by centrifuging at 9 10 g for 
7 min at 4 C and then su pended in a VyM bu ffer to store at 4 C before 
u e. Control RBC were treated with PBS and prepared in the V yM 
buffer as above. The protease treatments at these concentrations did not 
show a hemolytic effect (data not shown), indicating that the treatment 
did not affect the integrity of the er ythrocyte membrane. 
For sodium dodecy l sulfate-polyacr y lamide gel electrophoresis (SDS-
PAGE) and lec tin blot analyses, the ery throcyte ghosts were prepared 
by hypotonic Iy is of the enzymatically treated or control RBC in a LO 
mM phosphate buffe r (Dodge et aI. , 1963). The ghost proteins of 2.0 
mg/ml were mixed with an equal vo lume of a 2 x SDS sample buffer 
(62.5 mM Tris-HCI [pH 6.8J , 10% glycero l, 5% 2-mercaptoethanol , 2% 
SDS, and 0.0 I % bromphenol blue), sonicated for I min, and heated at 
100 C for 5 min. The gho t amples ( 10 I-Lg/lane) were subjec ted to 
SDS-PAGE on a 10% polyacr y lamide gel followed by Coomasie Bril -
li ant Blue (CBB) ( ICN Biochemical Inc. , Aurora, Ohio) staining. In 
addition, lectin blot analys is using biotiny lated,Maackia amurensis lec-
tin II (MAL II ; Vector L aboratories, Burlingame, California), which 
specifica lly recognize a2-3- linked ialic acids, was also performed with 
the protein-transferred membrane to obser ve the effects of proteases on 
the sialic acid content (Okamura et aI. , 2005). 
An in v itro growth assay was carried out as described previously 
(Okamura et aI. , 2005). Briefl y, B. equi-, B. cabal/i-, B. bovis-, or B. 
bigemina- infected RBC whose parasitemia had been adjusted to 5% 
with intact RBC were mixed w ith the trypsin- or chymotrypsin-treated 
RBC in an appropriate medium in 96-well ti ssue culture plates (N alge 
Nunc International). Thi s procedure y ielded a fina l result of 80% pro-
tease-treated RBC and I % parasitemia in the cultured RBe. For the 
control, PBS-treated RBC, rather than protease-treated cells, were used. 
The assay was carried out in 5 wells for each treatment in 3 eparate 
experiments. At 24 hr postinitiation of the culture, each par asitemia was 
determined and translated to the percentage growth relati ve to the con-
trol parasi temia in the PBS-treated RBe. Statistical analyses were per-
A: Bovine RBC 
CBB MAL II 
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B: Equine RBC 
CBB MAL II 
FtGURE I . Effect of protease u'eatments on bovine (A ) and equine 
(B) erythrocyte membrane fractions. Bov ine and equine RBC were 
u'eated with 5 mg/ml trypsin (Tr) or chymotryp in (Chtr) and lysed to 
obtain the ghost proteins, which were subjected to SDS-PAGE followed 
by CBB staining or lectin blot with MAL II. PBS-treated RBC were 
also included as the conu·ol. M aj or detectable bands of the conu'ol sam-
ples and molecular weight standards are indicated in kDa to the right 
of the CBB and lectin blot panels, respecti ve ly. The results are repre-
sentative of 5 separate experiments. 
formed by I -way ANOVA with Dunnett 's post-hoc test (InStat®, 
GraphPad Software, San Diego, California) for a com pari on of the 
percent growth . Differences were considered significant when p-vaJues 
of less than 0.05 were obtained. In this as ay, no differences were de-
tected between the PBS-treated and untreated RBC (data not hown). 
SDS-PAGE analyses showed that trypsin and chymotrypsin clearl y 
cleaved a number of the detectable membrane protein of bovine and 
equine RBC (at least 87-, 71 -, and 33-kDa and 88-, 76-, and 33-kDa 
bands of bovine and equine RBC, respectively) (Fig. I ). In particular, 
the inten ity of band 3 (87 and 88 kDa band of bovine and equine 
RBC, respecti vely), which is the maj or integral membrane protein (In-
aba and M aede, 1988; Inaba et aI. , 1996), was clearl y decreased, and 
the number of bands smaller than band 3 increa ed in both bovine and 
equine RBe. Lectin blot analyses with the bovine RBC revealed that 
the trypsin treatment parti cularl y modified the sialic acid content and 
generated 3 major bands of 80, 37, and 28 kDa w ith high den ity, while 
the chymotrypsin treatment did not y ield any clear modifications except 
a sialic acid- positive band at less than 14 kDa (Fig. I A ). In contrast, 4 
maj or sialoglycoproteins of equine RBC (60- 63 and 33- 38 kDa) (Oka-
mura et aI., 2005) still remained after the protease treatments with tryp-
sin and chymotrypsin (Fig. I B ). 
Figure 2 shows the inhibiti on of B. bovis growth in the culture with 
the treated RBC at 24 hr after the initiation of in vitro cultures. The 
trypsin treatment significantly decreased the parasite growth to 62.5% 
and 6 1.2% at the concentrations of 1.0 and 5.0 mg/ml , respectively, 
w hereas the chymotrypsin treatment did not diminish the proliferation 
(Fig. 2A). A imilar result was obtained in B. bigemina, in which the 
parasite growth was igni ficantly decreased to 69.4%, 68.4%, and 
68. 1 % in the treated RBC with trypsin at concentrations of 0.2, 1.0, 
and 5.0 mg/ml , respecti vely (Fig. 2B). Ln contrast, the in v itro growth 
of the equine Babesia parasites, B. equi and B. caballi, was not at all 
affected by these protease treatments (Figs. 2C, 2D). 
In the present study, although the tTeatments w ith tryps in and chy-
mOlTypsin resulted in clear modification of several membrane proteins 
in both bovine and equine RBC, bov ine and equine Babesia parasites 
showed di fferent growth patterns in the presence of the modi fied RBe. 
The trypsin, but not the chymotrypsin, treatment significantly affected 
the in v itro growth of B. bovis and B. bigemina, w hile the treatments 
w ith these prott:<1ses did not influence the growth of B. equi and B. 
cabal/i . The present fi ndings indicate that the bovine and equine Ba-
besia parasites have tryps in-sen iti ve and chymotrypsin-resistant and 
trypsin- and chymotrypsin-resistant pathways in their infection to the 
corresponding host RBC, respectively. 
The ob er ved inhibition caused by the pretreatment of bovine RBC 
with tryp in might be due to the incidental effects on the modi fication 
of the sialic acid content of erythrocyte sialoglycoproteins because the 
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FIGURE 2. In vitro growth of Babesia bovis (A), B. bigemina (B), 
B. equi (C), and B. caballi (D) in corresponding host RBC that had 
been treated with trypsin or chymotrypsin. The parasite growth in the 
protease-treated RBC was expressed as the percentage relative to the 
control growth in the PBS-treated RBC at 24 hr after the initiation of 
cultures. The error bars indicate the standard deviation of 5 wells for a 
representative of 3 separate experiments. The asterisks represent signif-
icant differences (P < 0.05) from the corresponding control growth. 
sialic acid profile of bovine RBC was more largely altered by the treat-
ment with trypsin than by that with chymotrypsin, while the profile of 
equine RBC showed slight changes upon the use of either protease. Our 
data would, therefore, strongly support the importance of host sialogly-
coproteins for erythrocyte infection by Babesia parasites, as described 
recently (Kania et aI., 1995; Zintl et al., 2002; Gaffar et al., 2003; 
Okamura et aI., 2005). Gaffar et ai. (2003) reported that the pretreatment 
of bovine RBC with trypsin or neuraminidase singly and in combination 
showed inhibitions of similar extents against erythrocyte invasions by 
B. bovis. These results suggest that unidentified sialoglycoprotein(s) ex-
posing the trypsin cleavage sites existed on the surface of bovine RBC 
and might also function as the host receptor for the infection of B. bovis 
and B. bigemina. On the other hand, the possibility that equine parasites 
can bind to intact trypsin sites on chymotrypsin-treated RBC or to intact 
chymotrypsin sites on trypsin-treated RBC cannot be excluded since a 
combined treatment with trypsin and chymotrypsin was not used in the 
present study because of its hemolytic effect confirmed by the- prelim-
inary experiments (data not shown). 
The result obtained for B. bovis in the present study partially contra-
dicts the result obtained by Gaffer et ai. (2003), in whose study B. bovis 
infection was sensitive not only to trypsin but also to chymotrypsin. 
This discrepancy might be explained by the difference in the concen-
tration of chymotrypsin used: ll-275 U/ml for this study and 3,000 
U/ml for the study by Gaffar et ai. (2003). Our preparation might appear 
too low to result in a significant inhil?,ition of invasion. However, the 
preliminary experiments showed that chymotrypsin at > 1,000 U/m1 had 
a hemolytic effect (data not shown). Since it is now unclear whether 
the decreased integrity affects the accurate evaluation of the inhibitory 
effect, care should be taken to interpret this discrepancy. 
In P. Jalciparum, there are multiple pathways for erythrocyte infec-
tion, and some sialoglycoproteins, such as glycophorins, are directly 
involved in the infection. For example, the human glycophorins A and 
C are recognized by the corresponding ligands of P. Jalciparum, 
EBA175 and EBAI40, respectively (Camus and Hadley, 1985; Sim et 
aI., 1990; Orlandi et aI., 1992; Goel et aI., 2003). In addition, the asi-
aloglycoprotein band 3 also serves as the host erythrocyte receptor for 
P. Jalciparum MSP-1 (Goel et aI., 2003). Bovine and equine glyco-
phorins and bovine band 3 have also been studied with regard to their 
biochemical properties (Murayama et aI., 1982a, 1982b; Inaba and 
Maede, 1988; Inaba et aI., 1996). Since 4 major sialog1ycoproteins of 
equine RBC observed to remain after the protease treatments with tryp-
sin and chymotrypsin (Fig. IB) are likely glycophorins (Okamura et 
aI., 2005), the involvement of glycophorins in the infection is suggested. 
Further study on the membrane components of animal RBC, including 
the glycophorins and band 3, would offer new information toward the 
elucidation of the mechanisms of host erythrocyte infections by Babesia 
parasites. 
In conclusion, the bovine Babesia parasites, B. bovis and B. bigemina, 
require trypsin-sensitive and chymotrypsin-resistant membrane (sial-
oglyco) proteins to infect the bovine RBC. In contrast, the equine Ba-
besia parasites, B. equi and B. caballi, utilize a trypsin- and chymo-
trypsin-resistant pathway at the phase of their erythrocyte infections. 
This information will facilitate the examination of the molecular mech-
anism whereby the Babesia parasites infect the host RBC. 
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Gastrointestinal Helminth Fauna of Enya/ius perditus (Reptilia: Leiosauridae): Relation to 
Host Age and Sex 
B. M. Sousa, A. Oliveira, and S. Souza Lima, Universidade Federal de Juiz de Fora, Departamento de Zoologia, Campus Universitario, 
Martelos, 36.036-900, Juiz de Fora, Minas Gerais, Brasil. e-mail: bernadete.sousa@ufjf.edu.br 
ABSTRACT: The purpose of this study was to determine how the gas-
trointestinal helminthofauna varies according to the age and sex of the 
lizard, Enyalius perditus, captured in Ibitipoca State Park in the state 
of Minas Gerais, Brazil, and to discuss the ecological and behavioral 
significance of these relationships. Fifty-five specimens of E. perditus 
were captured in drop traps, then killed, necropsied, and examined for 
the presence of helminths in the gastrointestinal tract. Nematodes, in-
cluding Strongyluris oscari, Oswaldocruzia subauricularis, and Aplec-
tana vellardi, were found. This was the first record of the last-named 
species in reptiles, and the first record of the first 2 species in E. per-
ditus. The number of helminths increased with snout-vent length and, 
therefore, age of the lizards. Male E. perditus lizards were more heavily 
infected by nematodes than females; the largest numbers of nematodes 
occurred in the caecum and large intestine. 
.. 
Lizards are hosts to a wide variety of gastrointestinal nematodes 
(Goldberg and Bursey, 1992a), which may be acquired through infected 
prey, ingestion of contaminated vegetable matter, coprophagy, geopha-
gy, or integumental penetration (Goldberg et al., 1995; Ribas et aI., 
1995; Sanchis et aI., 2000; Criscione and Font, 2001; Fontes et aI., 
2003). Thus, the level of infection in lizards may be related to materials 
ingested (Kennedy et al., 1986; Goldberg et aI., 1993), habitat attributes 
(Goldberg and Bursey, 1992b), sex, or age of individual lizards (Pfaf-
fenberger et aI., 1986; Bundy et aI., 1987; Vogel and Bundy, 1987; 
Ribas et aI., 1995). 
Ontogenetic differences in the level of infection occur between adult 
and juvenile lizards. An exponential increase in the mass of nematodes 
directly related to body size was observed by Ribas et al. (1995). 
Lizard foraging strategy can also influence the intensity of infection 
by nematodes. The higher infection intensity may, in part, be the result 
of an active foraging strategy (Schoener, 1971). On the one hand, lizards 
such as Cnemidophorus ocellifer (Spix, 182S), which show an active 
prey-seeking foraging pattern, generally have a higher associated hel-
minth fauna than predators that have an ambush hunting strategy (Ribas 
et al., 1995). On the other hand, Bundy et al. (1987) postulated that 
habitat attributes seem to be a more significant factor in determination 
and occurrence of infection by nematodes than phylogenetic relation-
ships or ecomorphs. 
Many authors have highlighted the importance of using the parasites 
as indicators of the diet and trophic interations of their hosts, in addition 
to movement patterns, reproduction sites, and social structure (Brooks, 
2000; Ber6n-Vera et aI., 2001; Gomes et aI., 2003; Ezenwa, 2004; Mar-
cogliese, 2004). The purpose of this note is to determine the prevalence, 
intensity, and abundance of nematodes species present in Enyalius per-
ditus Jackson, 1978 according to these lizards' age and sex, and to 
examine possible routes· of infection. 
Between March 1997 and March 1998, specimens of E. perditus were 
captured using pitfall traps at 3 forested sites in Ibitipoca State Park 
(21°40'-21°44'S, 43°S2'-43°SS'W), located in the municipality of Lima 
Duarte, Minas Gerais, Brazil. 
We randomly selected SS animals, which were killed with sodium 
pentobarbital immediately after collection. At the field laboratory, we 
measured the snout-vent length (SVL) and examined the gonads to de-
termine sexual maturity. Based on this information, we defined our E. 
perditus sample as adult males, i.e., individuals with SVL >47 mm, 
and adult females, with SVL >48 mm (Sousa, 2000). We then removed 
the gastrointestinal tract and separated the stomach and large and small 
intestines. We injected a 0.9% physiological solution into each part of 
the gut with the aid of a I-ml throwaway syringe without a needle, then 
placed the gut contents into Petri dishes and analyzed them separately. 
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TABLE 1. Abundance of nematodes per organ of the digestive tract and 
by sex of Enyalius perditus from Thitipoca State Park, Minas Gerais, 
Brazil. 
Abundance per 
organ* 
Nematode S SI LI 
Strongyluris oscari 0 6 236 
Oswaldocruzia subauricularis 12 26 12 
Aplectana vellardi 0 4 8 
* S = stomach; SI = small intestine; L1 = large intestine. 
Abundance 
by sex 
Male Female 
210 32 
41 9 
10 2 
The helminths found in each segment of the gastrointestinal tract 
were isolated, counted, fixed in alcoho1-formalin-acetic acid (AFA), 
cleared in Amann's lactophenol and Faia creosote, and mounted be-
tween slides and slide covers with Canada balsam. We analyzed the 
relationship between parasitism and the presence of plant remains in 
the lizards' stomach contents and tested the hypotheses that the hel-
minth intensity (number per parasitized lizard) and the presence of plant 
remains increase with the lizard's age. We grouped the parasitized liz-
ards by SVL and performed a chi-square test to verify the hypothesis 
of interdependence between the SVL and intensity of nematodes. To 
compare the prevalence and intensity of parasitism, data were submitted 
to the Kruskal-Wallis test. 
The slides were deposited in the Helminthology Collection of the 
Department of Animal Biology of the Universidade Federal Rural do 
Rio de Janeiro (UFRRJ) under the numbers 789 a-d, 790 a--c, 791 a. 
The ecological terms employed are those of Bush et al. (1997). 
Strongyluris oscari Travassos, 1923 (Ascaridida: Heterakidae), Os-
waldocruzia subauricularis (Rudolphi, 1819) (Strongylida: Molineidae), 
and Aplectana vellardi Travassos, 1926 (Ascaridida: Cosmocercidae) 
were present in the necropsied lizards. Of the 55 lizards examined (12 
adult females, 5 immature females, 31 adult males, and 7 immature 
males), 69% (n = 38) were parasitized by nematodes. The difference 
in the prevalence and mean intensity among the nematode species was 
statistically significant (P < 0.05). The prevalence and mean intensity 
of S. oscari were significantly higher (58%; 7.6 parasites:!: 7.3) than 
O. subauricularis (29%; 3.2 parasites:!: 3.1), and A. vellardi (6%; 4.8 
parasites :!: 0.5). 
The habitat with the highest occupation by the nematodes was the 
large intestine (H = 15.0972; P = 0.0017), where 98% of the S. oscari 
occurred. Oswaldocruzia subauricularis was found in the large intestine 
(25%), small intestine (52%), and stomach (23%). In the case of A. 
vellardi, 66% of the individuals occurred in the large intestine and 34% 
in the small intestine. Neither S. oscari nor A. vellardi was found in 
the stomach. Prevalence and intensity of infection were higher"in male 
lizards. 
Data for abundance and size of the nematode infrapopulations in the 
lizards as related to site of infection, sex, and SVL are presented in 
Tables I and II. We found greater nematode intensities in lizards with 
body lengths between 70 and 80 mm, and a positive relationship be-
tween parasite intensity and body size. A chi-square test supported a 
significant direct correlation between parasite intensity and body size 
(SVL). A' 
In our study, vegetable fragments were found in 20% (n = 11) of 
the stomachs examined, of which 100% were from adult lizards. Among 
TABLE II. Abundance of nematodes per SVL. 
SVL > 60 mm* 
Nematode LI SI S 
Strongyluris oscari 197 7 0 
Oswaldocruzia subauricularis 14 22 l1 
Aplectana vellardi 8 4 0 
the 12 young lizards examined, with SVL varying from 26.8 to 43.3 
mm, we found that 75% (n = 9) were not infected by nematodes, and 
none contained vegetable fragments in the gastrointestinal content. 
The finding of S. oscari and O. subauricularis is the first record of 
these nematodes in E. perditus, and that of A. vellardi is the first report 
of this species in reptiles. The presence of O. subauricularis has pre-
viously been reported in E. catenatus, and that of S. oscari has been 
reported in other lizards, particularly Tropidurus sp. (Vicente et aI., 
1993) for nematodes of Brazilian reptiles. 
Lizards can become infected by nematodes via ingestion of arthro-
pods infected with larvae of these parasites (Goldberg and Bursey, 
1992a; Ribas et al., 1995). According to information provided by An-
derson (2000), experimental infection with S. brevicaudata in insects 
resulted in encapsulated larvae in the thorax of Culex sp. However, this 
needs to be studied further since the heterakoid nematodes are generally 
monoxenous and infect their hosts when the latter ingests eggs with 
larvae. The diet of E. perditus consists mainly of ants, woodlice, and 
arthropod larvae (Sousa, 2000), which, considering the observations of 
Anderson (2000) for S. brevicauda, may have contributed to the high 
intensity of parasitism by S. oscari found in the present work. Oswal-
docruzia subauricularis (Molineidae) and A. vellardi (Cosmocercidae) 
are probably monoxenous, infecting their hosts through ingestion of 
eggs or active penetration of larvae (Anderson, 2000). 
Observation of mineral matter in the stomach contents of E. perditus 
in the present study suggests that coprophagy (Goldberg and Bursey, 
1992a) or geophagy (Troyer, 1982) may be an important mechanism of 
infection in lizards, by providing opportunities for the ingestion of eggs 
and larvae found in the soil and/or penetration of larvae through the 
buccal mucosa. Seventeen percent of the lizards studied had molted skin 
present in stomach contents. This may also be considered an opportunity 
for infection by helminths, since it is possible that embryonated eggs 
of oxyurid nematodes such as Aplectana sp. could be retained on molted 
skin and be ingested. 
In the specimens of E. perditus that contained nematodes and that 
were grouped by SVL; we confirmed the hypothesis that parasite inten-
sity increases with age and size. Because of the lack of independence 
between the intensity of parasitism by nematodes and the SVL of E. 
perditus, we suggest that there is a positive correlation between parasite 
intensity and the size (SVL) of E. perditus, a result that agrees with 
Ribas et al. (1995). Higher parasite prevalence and intensity at the level 
of nematode infection in males of E. perditus concurs with Vogel and 
Bundy (1987) and Ribas et al. (1995), who made similar observations 
in species of Anolis and in C. ocellifer, respectively. Some authors have 
also observed that the diets of males and females of some lizard species 
differ qualitatively and quantitatively (Shoener, 1967; Fitch, 1981; 
Floyd and Jenssen, 1983; Barden and Shine, 1994) and that the sex 
differences in the prevalence and intensity of helminths are due to var-
iations in body size and prey consumption (Ribas et aI., 1995). Sexual 
dimorphism in males and females is common in some lizard species, 
and E. perditus males have a longer tail than females (Sousa, 2000), 
which indicates a greater foraging activity in soil. 
Differences in foraging behavior among lizards that actively forage, 
as seen in Anolis valencieni, compared with other species of Anolis that 
have a passive hunting strategy, appear to be reflected in the helminth 
fauna (Bundy et al., 1987). Thus, for example, active foragers such as 
C. ocellifer show a high intensity of parasitism by nematodes (Ribas et 
al., 1995). We may also consider other activities such as basking or 
mating behaviors between lizards as opportunities for infection by egg 
ingestion of or lar·vae penetration. 
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SVL 35-60 mm* SVL < 35 mm* 
LI SI S LI SI S 
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Mitotic Responses to Inject~d Extracts of Larval and Adult Schistosoma mansoni in 
Biomphalaria glabrata: Effects of Dose and Colchicine Treatment 
John T. Sullivan, Department of Biology, University of San Francisco, San Francisco, California 94117. e-mail: sullivan@usfca.edu 
ABSTRACT: Biomphalaria glabrata snails injected with extracts of 
Schistosoma mansoni miracidia, mother sporocyst excretory-secretory 
product, cercariae, and adults, showed increased mitotic activity in his-
tological sections of the amebocyte-producing organ (APO) relative to 
water-injected controls. The mitotic response was generally higher to 
extracts adjusted to 1.0 mg protein/ml than to a lO-fold lower concen-
tration, although in most cases this increase was not statistically signif-
icant. Colchicine treatment prior to fixation significantly increased the 
number of mitotic figures in APOs of all groups of extract-injected 
snails, both with respect to water-injected controls and, with 1 excep-
tion, relative to matched colchicine-untreated snails. Extracts of adult 
worms elicited a pronounced mitotic response, suggesting that adults 
may share a mitogenic molecule with larvae. The high variability in 
counts of mitotic figures may limit the usefulness of this histological 
method. 
The hematopoietic amebocyte-producing organ (APO) (Lie et al., 
1975) of Biomphalaria glabrata undergoes increased mitotic activity 
following exposure of snails to miracidia of Schistosoma mansoni, and 
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also in response to injections of freeze-thaw extracts of miracidia and 
cercariae, although it is quite unresponsive to injections of bacteria and 
several other candidate mitogens (Sullivan et aI., 1984, 2004). Mitotic 
responses to miracidia and to injected miracidia extracts are signifi-
cantly stronger in snails that are genetically resistant to S. mansoni than 
in susceptible snails (Sullivan et aI., 1984, 2004). Moreover, increased 
numbers of mitotic figures occur in this organ when snails are incubated 
in 0.1 % colchicine from 4 to 24 hr prior to fixation (Sullivan and Castro, 
2005). 
Although extracts of miracidia and cercariae are known to be mito-
genic, the activity of other stages has not been investigated. Therefore, 
mother sporocyst excretory-secretory product (ESP) (Yoshino and 
Lodes, 1988), and extracts of adult worms, were tested. Also, because 
previous injections of parasite extracts had been normalized for numbers 
of larvae, the APO-stimulating activity of different life cycle stages, 
including those tested previously, was compared at a constant protein 
concentration of the extract (1 mg/ml and 0.1 mg/ml). Finally, to as-
certain whether colchicine would facilitate measurement of mitotic re-
sponses against injected parasite extracts, snails were incubated in col-
chicine prior to fixation. Joky et al. (1985) treated B. glabrata with 
colchicine to demonstrate mitotic activity of the APO following expo-
sure to miracidia of Echinostoma caproni. However, because mitotic 
figures were not enumerated, and responses of colchicine-untreated 
snails were not reported, it was not clear that colchicine treatment of-
fered any advantage in quantifying responses of the APO to trematode 
infection. 
The schistosome-resistant Salvador strain of B. glabrata, measuring 
9.5-10.5 mm in shell diameter, was used in this study (Paraense and 
Correa, 1963). Methods for rearing snails, preparing 15,000 g super-
natants of parasite freeze-thaw extracts, injecting 5 fl.1 of extract into 
the hemocoel, and histological analysis of APOs were those described 
previously (Sullivan et aI., 2004). Extracts of the following stages were 
prepared: miracidia, cercariae, and adult worms. Miracidia were hatched 
from eggs isolated from livers of mice, cercariae were collected from 
infected snails, and adults were perfused from the hepatic portal cir-
culation of infected mice. Additionally, ESP from mother sporocysts 
that had transformed for 24 hr in vitro from miracidia in Chernin's 
balanced salt solution (CBSS) (Chernin, 1963) was tested. Extracts were 
concentrated with the use of centrifugal filtration devices having a 10 
kDa nominal molecular weight cutoff. Protein concentration was mea-
sured colorimetrically (Bradford, 1976) and adjusted with artificial pond 
water (APW) (Sullivan and Castro, 2005) to 1.0 or 0.1 mg/ml. Several 
different batches of miracidia extract were used, and yield was variable, 
with up to an approximately 1O,000-fold concentration of the original 
miracidia suspension sometimes required to obtain 1 mg protein/ml, 
resulting in an estimated 1,100 miracidia equivalents/fl.1. Preparation of 
ESP was similar, except that it was not subjected to 5 freeze-thaw 
cycles, and was diluted in CBSS instead of APW. Control injections 
consisted of 5 fl.1 of APW or 1 mg/ml bovine serum albumin (Bio-Rad, 
Hercules, California) in APW. Following injections, snails wen: main-
tained at 27 C for 48 hr, and then their pericardial sac was removed, 
fixed in Bouin's fluid, and processed for histology. An interval of 48 
hr postinjection (PI) was chosen because a previous study had shown 
that the highest response to miracidia extract occurred at this time (Sul-
livan et aI., 2004). For colchicine treatment, snails were incubated in 4 
ml of 0.1 % colchicine (Sigma Chemical Company, St. Louis, Missouri) 
for 6 hr prior to fixation, a procedure that was selected to provide the 
best compromise between mitotic arrest"EItld toxicity (Sullivan and Cas-
tro, 2005). Total numbers of mitotic figures in the APO of each snail 
were counted in hematoxylin and eosin-stained serial sections. 
Data were statistically analyzed both by multiple and by pair-wise 
comparisons of means. With separate analyses for colchicine-untreated 
and colchicine-treated snails, mean numbers of mitotic figures for each 
injection group were tested by I-way analysis of variance (ANOY A), 
and when a statistically significant difference between groups was in-
dicated, individual means were compared with the Student-Neuman-
Keuls test, using Statmost software (DataMost Corp., Salt Lake City, 
Utah). Additionally, for each injected substance, mean numbers of mi-
totic figures for untreated and colchicine-treated snails were compared 
with the Student's 2-tailed t-test. For all statistical tests, differences were 
considered significant at P < 0.05. 
Both for colchicine-untreated and colchicine-treated snails, ANOY A 
revealed statistically significant differences among means (F(9.'5) = 3.39, 
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FIGURE 1. Mean + standard error of the mean of mitotic figures in 
histological sections of the amebocyte-producing organ (APO) of Biom-
phalaria glabrata at 48 hr postinjection with artificial pond water 
(APW) , 1 mg/ml bovine serum albumin (BSA), or either 0.1 or 1.0 mg 
protein/ml of one of the following extracts of Schistosoma mansoni: 
miracidia (MIR), excretory-secretory product (ESP), cercariae (CER), 
or adults (ADU). Shaded bars show counts from colchicine-untreated 
snails, and unshaded bars show counts from colchicine-treated (0.1 % X 
6 hr) snails. Each bar represents counts of 10 APOs, except for 1.0 ESP 
colchicine-untreated (n = 5) and 1.0 ESP colchicine-treated (n = 6) 
snails. Differences between bars marked by the same letter are not sta-
tistically significant (P > 0.05, Student-Neuman-Keuls test, separately 
conducted on colchicine-untreated [lowercase letters] and colchicine-
treated [uppercase letters] snails). Asterisks indicate a statistically sig-
nificant difference between the means of colchicine-untreated and col-
chicine-treated snails injected with the same material (P < 0.05, Stu-
dent's 2-tailed t-test). 
P = 0.001 and F(9.'6) = 4.45, P = 0.00008, respectively). Among col-
chicine-untreated snails, injections of all parasite extracts at 1 mg pro-
tein/ml yielded a significant increase in mitotic activity relative to APW-
injected controls (Fig. 1). At a concentration of 0.1 mg protein/ml, only 
extracts of miracidia and cercariae induced significant responses. Except 
for the cercaria extract, mitotic responses to 1 mg protein/ml were high-
er than to the same extract at 0.1 mg protein/ml. However, these in-
creases were not statistically significant. 
Among colchicine-treated snails, injections of all parasite extracts, 
both at 0.1 mg protein/ml and at 1 mg protein/ml, yielded a statistically 
significant increase in mitotic activity relative to colchicine-treated, 
APW-injected controls. For all extracts, mitotic responses to 1 mg pro-
tein/ml were higher than to the same extract at a concentration of 0.1 
mg protein/ml. However, these increases were statistically significant 
only for extracts of miracidia and adults. Finally, when matched groups 
of colchicine-treated and colchicine-untreated snails were compared, 
numbers of mitotic figures were higher in all cases in the former group, 
and these increases were statistically significant, except for injections 
of APW, 1 mg/ml BSA, and 0.1 mg protein/ml miracidia extract. 
One goal of this study was to ascertain whether colchicine treatment 
facilitated the histological assay of APO mitotic responses. Previous 
work had shown that incubation of Salvador B. glabrata in 0.1 % col-
chicine for 6 hr caused a statistically significant, approximately 3-fold, 
increase in mitotic figures relative to untreated controls (Sullivan and 
Castro, 2005). In the present study, exposure to colchicine caused an 
approximately 2-fold, although statistically nonsignificant, increase in 
counts in APW-injected snails. Despite this increased background, col-
chicine treatment, presumably by arresting dividing cells in metaphase 
and thereby capturing a larger number of mitotic figures over the 6-hr 
incubation, proved useful in amplifying the response to injected parasite 
extracts. For example, whereas injections of 0.1 mg protein/ml ESP and 
0.1 mg protein/ml adult extract did not stimulate a significant increase 
in mitotic activity in the absence of colchicine, effects of both treat-
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ments differed significantly from that of APW injection among colchi-
cine-treated snails. Thus, although it raised mitotic counts both in con-
trols and extract-injected snails, colchicine had a greater effect in the 
latter, thereby increasing the sensitivity of the assay. 
Mitotic responses to injections of extracts of miracidia and cercariae 
among colchicine-untreated snails were comparable to those reported 
previously (Sullivan et al., 2004), i.e., both elicited increased mitotic 
activity in the APO relative to APW-injected controls. The response to 
the miracidia extract at 1 mg protein/ml was nearly the same as that 
reported at 48 hr PI in the earlier study, which employed a protein 
concentration of 1.21 mg/ml. 
Mitotic responses to ESP and to miracidia extracts were quite similar 
in magnitude. ESP of larval S. mansoni contains diverse glycoproteins 
that are known to have a range of inhibitory effects on hemocytes of 
B. glabrata (Yoshino and Lodes, 1988; Lodes and Yoshino, 1989, 1990; 
Connors and Yoshino, 1990; Lodes et al., 1991). Paradoxically, how-
ever, despite inhibiting hemocyte function, ESP has a significant mito-
genic effect on the APO, the very structure that produces hemocytes. 
Humphries and Yoshino (2006) recently have shown phosphorylation 
of p38 mitogen-activated protein kinase in B. glabrata embryonic (Bge) 
cells, but not hemocytes, following in vitro exposure to ESP. Whether 
ESP has a similar effect on mitogen-activated protein kinases, particu-
larly those involved in cell division, in hemocyte progenitors of the 
APO is not known. 
An interesting result of this study was the strong response to injec-
tions of extracts from adult worms, inasmuch as a snail mitotic response 
against a stage that occurs only within the vertebrate host would appear 
to have no adaptive significance. However, based on studies with mono-
clonal antibodies, several antigens are known to be conserved among 
life cycle stages of schistosomes. For example, Schmitt et al. (2002) 
described 2 carbohydrate epitopes that were shared by miracidia, spo-
rocysts, and cercariae of S. mansoni, S. haematobium, and S. japonicum, 
although neither epitope was detected on the surface of adult worms. 
Similarly, Nayame et al. (2002), described 3 glycan antigens of adult 
S. mansoni that were also shared by larval stages, although one of these, 
Lewis x antigen (Gal[Fuca 1-3]f31-4GlcNAc-R), was not detected on 
mother or daughter sporocysts. Thus, the response to adult worms may 
simply reflect shared mitogenic activity in one or more such conserved 
molecules. 
The dose-response relationship seen with the 2 tested protein con-
centrations was generally weak:, Le., statistically nonsignificant. A sim-
ilarly weak: effect was found previously with injections of miracidia 
extract at 72 hr PI (Sullivan et aI, 2004). Detection of subtle changes 
in response as a function of dose by this method may be problematical, 
because of the observed high variability in mitotic counts, as discussed 
below. 
Mitotic responses to the different extracts at the same protein con-
centration were varied, most likely as a result of differences in the 
amounts of stimulatory substances, mitosis-inhibiting substances, "or 
both. Because the chemical nature of the active component is not 
known, a protein concentration of 1 mg/ml may not result in equivalent 
activity in each extract. Although no single extract was significantly 
more potent than all others, responses to 1 mg protein/ml adult extract 
were pronounced in APOs of some colchicine-treated snails, with 2 of 
10 having counts exceeding 14,000 mitoses/APO. Therefore, this prep-
aration, despite its lack of direct biological relevance to snail-schisto-
some interactions, may be a good candidate i~r further study of mitotic 
responses to parasite molecules in the APO. 
Even within the same treatment category, variability among mitotic 
counts was high, for example ranging from 428 to 15,932 in the case 
of colchicine-treated snails injected with 1 mg protein/ml adult extract. 
Variability for miracidia and cercaria extracts was comparable to that 
observed in the previous study (Sullivan et al., 2004). The degree to 
which this variability reflects different effective doses actually delivered 
to the APO by the injection method, temporal variations in the number 
of mitotic figures within individual snails, or intersnail genetic vari-
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ability in responsiveness to the parasite extract is unknown. However, 
such variability may obscure differences between treatment regimens 
and may, therefore, limit the usefulness of this histological approach 
for identifying the active component or components of the parasite ex-
tract. 
I am indebted to Fred A. Lewis for infected mouse livers and adult 
worms, and to Timothy P. Yoshino for samples of ESP. This work was 
supported by NIH Grant AI50546, the University of San Francisco Fac-
ulty Development Fund, and the Fletcher Jones Foundation. 
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ABSTRACT: Most efforts aimed at elucidating the factors responsible 
for the variation in species richness among different parasite commu-
nities have focused on host characteristics such as body mass or diet. 
Independently of host features, however, the way in which parasites use 
resources within the host may also affect the species richness of the 
community. The distribution of parasite individuals or biomass in niche 
space determines whether host resources are used evenly, or whether 
there are gaps in resource use, with some parts of the total niche being 
underutilized. Here, the concepts of functional richness and functional 
evenness are applied to parasite communities for the first time, using 
simple indices. Measurements of the distribution of species in niche 
space within communities, such as mapping the distribution of hel-
minths along the length of the host's intestine, is standard practice in 
parasitology. In such cases, functional richness is simply the proportion 
of the total number of intestine sections available that are used by at 
least 1 worm, whereas functional evenness measures the evenness in 
the distribution of worm numbers or biomass across all niche sections 
that are occupied. Data on cestode communities of elasmobranchs are 
used to illustrate the use of these indices, and to show how important 
they can be in tests of ecological hypotheses. The indices presented 
here capture essential features of resource use in parasite communities, 
and can be useful tools for comparative analyses. 
In ecological parasitology, few topics have received more attention 
than the variation in species diversity among parasite communities from 
different host species (Poulin, 1997, 1998; Morand, 2000; Poulin and 
Morand, 2004). Most efforts to date have focused on the search for host 
characteristics, such as body mass, diet, or geographic range, that may 
determine the diversification of parasite communities (e.g., Poulin, 
1997; Arneberg, 2002; Nunn et aI., 2003). Clearly, intrinsic properties 
of the parasite communities themselves may also influence how many 
species they can support. Yet this possibility has not been explored, 
perhaps because the necessary analytical tools are lacking. 
Recently, ecologists working on communities of free-living organ-
isms have begun to look at the distribution of individuals (or biomass) 
in niche space as a determinant of community properties (Petchey and 
Gaston, 2002; Mason et aI., 2005). The totar niche space of a com-
munity is the multidimensional volume in which different species exist, 
with each dimension representing a particular resource or abiotic gra-
dient. If individuals or biomass, regardless of species, are evenly dis-
tributed throughout niche space, then the entire range of resources avail-
able to a community is being used. If, on the other hand, individuals 
or biomass are unevenly distributed throughout niche space, there will 
be 'gaps' in resource use. It transpires that a greater evenness of re-
source use, through a range of mechanisms such as niche complemen-
tarity, can affect how many species can coexist and how likely invading 
species are of becoming established in'a community (Tilman et al., 
2001; Petchey, 2003). Ecologists are increasingly focusing on functional 
diversity, i.e., the distribution of individuals of different species along 
various niche dimensions, as a way to understand community properties 
(Tilman et aI., 1997; Tilman, 2001; Mason et aI., 2005; Petchey and 
Gaston, 2006). 
This approach holds much promise for the study of parasite com-
munities. Careful measurement of the distribution of species in niche 
space within communities has a long history in parasitology (Holmes, 
1973). For instance, several investigations of helminth communities in 
the gastrointestinal tract of vertebrate hosts have mapped the distribu-
tion of worms along the length of the host's intestine (e.g., Lotz and 
Font, 1985; Bush and Holmes, 1986; Stock and Holmes, 1988; Ellis et 
aI., 1999; Vidal-Martinez and Kennedy, 2000). The summarized infor-
mation that gets published is not always detailed enough, but the raw 
data obtained in these studies are all that one needs to determine wheth-
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er resource use is even or not. Of course, the distribution of worms 
along the length of the intestine is only one facet of their niche, but as 
argued in the studies cited above and many others, it is one of the most 
fundamental niche components because it captures both the spatial ar-
rangements of species and the type of nutrients they can use. 
Here, we present indices of functional diversity and explain how they 
can easily be applied to parasite communities. We also illustrate their 
use with data on cestode communities from the spiral intestines of elas-
mobranchs, to show how these indices can be used to better understand 
parasite communities. 
Of the many indices of functional diversity proposed recently (e.g., 
Petchey et al., 2004), we chose those proposed by Mason et aI. (2005). 
It is not possible to sum up all aspects of functional diversity in a single 
number (see Mouillot et aI., 2005). Thus, Mason et al. (2005) decom-
posed functional diversity into 2 basic components: functional richness 
and functional evenness. Importantly, these 2 components are orthog-
onal to each other, i.e., they vary independently of each other, and they 
are both also independent of species richness (Mason et al., 2005). They 
can be computed along more than 1 niche dimension (see Mason et aI., 
2005), but for the sake of simplicity, here we deal only with univariate 
niche space such as the position of worms along the roughly linear host 
intestine. 
Functional richness is defined as the amount of niche space occupied 
by species in the community. This amount must be standardized to 
allow comparisons among different communities. When niche space can 
be divided into discrete sections, the standardization is simple, i.e., the 
number of sections occupied is expressed as a proportion of the total 
number of sections available. For helminth communities living in the 
gut of vertebrates, the gut can be naturally or arbitrarily divided into 
sections; in such cases, functional richness is the proportion of the total 
number of gut sections that are occupied by at least 1 worm of any 
species (see Fig. 1). Values of functional richness, therefore, range from 
o to 1, with low values indicating that some of the resources potentially 
available to the community are unused. 
In contrast, functional evenness is the degree to which the organisms 
in a community are distributed in niche space to allow the effective 
utilization of the entire range of resources available. It measures the 
evenness in the distribution of organisms across all niche sections that 
are occupied, excluding empty niche sections (Fig. 1). It is comparable 
to species evenness, which measures the evenness in the distribution of 
organisms across all species present in a community. Thus, both func-
tional evenness and species evenness can be computed using the same 
indices. Any of those recommended by Smith and Wilson (1996) or 
Mouillot and Wilson (2002) would do. Here, we have used E v",: 
E = 1 - 3. t j±[ln(X') - ± In(X,)/s]2) 
var 7r arc an s=l s=l 
S 
where arctangent provides an angle in radians, S is the number of niche 
sections occupied by at least 1 parasite, and x, represents the abundance 
of parasites in the sth niche section. Although daunting at first glance, 
the formula for E v", is based on the variance in abundance across niche 
sections, an intuitive way to measure evenness (see Smith and Wilson, 
1996). It is taken on log-transformed abundance values to emphasize 
proportional differences, and to make the index independent of the units 
used. The index ranges from 0 (minimum evenness) to 1 (maximum 
evenness), with increasing values indicating an increasingly even dis-
tribution of parasites in niche space. 
Functional evenness can be computed using abundance data, i.e., 
numbers of individuals in each niche section. Ideally, however, it would 
be computed using biomass data, because the total biomass in a given 
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FIGURE 1. Two hypothetical frequency distributions of individual 
helminths, or helminth biomass, along the length of the host intestine, 
one with high functional evenness (a) and one with lower functional 
evenness (b). The number of gut segments, species richness, and func-
tional richness are the same in both cases, with values of 20 segments, 
3 species, and 0.9, respectively. Thus, in bq,tl;i examples, 3 species of 
parasites occupy 18 out of 20 segments, with only the most anterior 
and the most posterior segments left empty. The top graph in each 
example shows the frequency distribution of each helminth species 
along the intestine, with each species represented by a different shading; 
in these examples, there are no more than 2 species per segment. The 
bottom graph displays the frequency distribution for the whole com-
munity, which consists of the sum of the abundances or biomass of all 
species for each segment. Note that small differences in the distributions 
of individual species can have major repercussions on the overall dis-
tribution of abundance or biomass. 
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niche section is a better indicator of resource use in that section than is 
the number of individuals. This is particularly true in the case of gas-
trointestinal helminth communities where some species are orders of 
magnitude larger than others. Whether abundance or biomass data are 
used, lower values of functional evenness indicate that some parts of 
niche space, although occupied, are underutilized. Because functional 
evenness has no a priori relationship with either species richness or 
functional richness, any correlation that may be observed between the 
3 measures would be an ecological feature and not a mathematical ar-
tifact (Mason et al., 2005). 
We collected published data on the frequency distributions of cestode 
parasites in the spiral intestines of elasmobranch hosts. This was not 
meant to be an exhaustive survey of the literature, but only a source of 
data to illustrate the use of functional diversity measures. The data set 
included 4 cestode communities (Table I), comprising species from the 
Trypanorhyncha and Tetraphyllidea. For each community, functional 
richness was measured as the number of spiral intestine chambers oc-
cupied by at least 1 worm divided by the total number of chambers. 
Measuring functional evenness requires information on the numbers 
of individuals of each species in each spiral intestine chamber. For 2 
communities, the raw data were available (McVicar, 1979; Keeney, 
1999; Keeney and Campbell, 2001); for the other 2, the data had to be 
read from histograms showing the frequency distributions of the differ-
ent cestode species among the different chambers (Cislo and Caira, 
1993; Friggens and Brown, 2005). Histograms were magnified and 
numbers of worms per chamber were obtained by averaging the values 
of 3 independent readings. The small error (much less than 5% variation 
among readings) associated with this procedure does not affect our re-
sults, and is insignificant given that the data are here used for illustrative 
purposes only. Functional evenness was first calculated by adding up 
the abundances of the different species in each intestine chamber, and 
using these values in the formula for Ewrr, as shown above. In addition 
to abundance data, we obtained a surrogate of biomass by multiplying 
the number of worms of a given species in a spiral intestine chamber 
by the average body length of that species. This was repeated for each 
species and each chamber, providing 'biomass' values for each species 
that were added up to give the total 'biomass' per chamber. Body length 
of cestodes is influenced by the developmental stage of the worms; 
sufficient information on size variability among developmental stages 
was provided for 1 community (Keeney, 1999) to allow a corrected 
average biomass to be computed for some species that takes into ac-
count developmental stage. Functional evenness was then computed 
again for each of the 3 communities for which parasite length data were 
available, using these 'biomass' values in the formula for Ev" • 
All communities had high functional richness (Table I), indicating 
that all or most spiral intestine chambers were occupied. However, there 
was considerable variation among communities in functional evenness 
(Table I). Two patterns deserve mention. First, functional evenness 
scores based on biomass data were higher than those derived from abun-
dance data. This suggests that the use of resources, in this case attach-
ment space, by the whole cestode community is more even when bio-
mass is considered than when mere numbers of worms are used. Spiral 
intestine chambers with many worms thus tend to contain relatively 
small worms, whereas those with fewer worms tend to contain relatively 
large worms. Abundance may be an easier parameter to obtain, but in 
studies of resource use and niche partitioning, it can obscure the relevant 
patterns and is no substitute for biomass. Using estimates of biomass 
in functional analyses will always be a major improvement over using 
abundance itself; massive size differences among different cestode spe-
cies make it unjustifiable to simply use raw numbers of individuals. 
As an aside, it must be pointed out that our biomass estimates may 
not reflect true relationships among cestode species because biomass is 
not necessarily proportional to length. For example, some short cestode 
species may be thicker than long species. However, sufficient data for 
calculating accurate biomass estimates are rarely published, highlighting 
the need for detailed studies when applying diversity indices to parasite 
communities. If biomass is to be informative in comparative analyses, 
it must be estimated in a standard manner across all communities. 
The second interesting pattern seen in Table I is that functional even-
ness appears to increase with species richness, i.e., with the number of 
species in the community. The formula for Ev" is completely indepen-
dent of species richness, so this is not merely a mathematical artefact. 
Although we do not have sufficient communities in our data set to 
• 
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TABLE I. Summary data for 4 cestode communities in elasmobranch hosts. 
Functional Functional 
No. of hosts No. of spiral Species Functional evenness evenness 
Host species examined valve chambers richness richness (abundance) (biomass) Source 
Bathyraja spp. * 27 12 6 0.83 0.357 0.475 Keeney (1999) 
Leucoraja naevus 204 9 5 1.00 0.254 McVicar (1979) 
Urobatis hallerit 28 11 9 1.00 0.580 0.688 Friggens and Brown (2005) 
Mustelus canis 49 8 4 0.88 0.354 0.446 Cislo and Caira (1993) 
* Includes 3 congeneric and sympatric skate host species sharing the same cestode species. 
t Excludes rare cestode species with < I 0% prevalence. 
determine if this is a statistically robust pattern, it does suggest that new 
parasite species join a community by filling gaps in niche space, leading 
to a more even use of resources when more species are present. 
We have presented here an approach to community analysis, recently 
developed by ecologists working on free-living organisms, and illus-
trated how it can be applied to parasite communities. Based on the 
functional roles of species in the community, and thus on their distri-
bution in niche space and use of resources, measures of functional di-
versity reduce several fundamental aspects of community structure 
down to a couple of numbers. This makes them highly suitable for 
comparative analyses, in which they could be related to other basic 
community properties, such as species richness, across host species. A 
couple of issues require some discussion, however. 
First, although the position of helminths along the length of the host's 
digestive tract is easy to quantify, it only represents 1 niche dimension. 
It seems to correlate well with other important variables, however. For 
instance, the distribution of cestodes within elasmobranch intestines 
may be influenced by changes in host mucosal morphology along the 
intestine (e.g., Williams, 1960; Borucinska and Caira, 1993; Keeney 
and Campbell, 2001), as well as the quality and quantity of nutrients 
available for cestodes (Williams et aI., 1970; McVicar, 1979; Curran 
and Caira, 1995). Therefore, the position of a cestode along the host's 
intestine may indicate more than its spatial location in the gut habitat 
and focusing on a single niche dimension will not fully quantify re-
source use by helminths. However, features such as mucosal morphol-
ogy or concentrations of various nutrients, as well as other properties 
of the gut, tend to follow unidirectional gradients along the length of 
the intestine. The position of a worm in the intestine, therefore, single-
handedly captures its position along more than 1 niche dimension, mak-
ing this possibly the most relevant parameter to include in studies of 
functional diversity. 
What if independent data are available for multiple traits, i.e., for 
more than 1 niche dimension? The indices can relatively easily be used 
in a multivariate context by averaging the index values obtained for 
each of the different traits or niche dimensions (Mason et aI., 2005). 
Although this approach is overly simplistic, in the absence of a priori 
information on which characters should be given greater weight, it al-
lows a rough estimation of multidimensional functional diversity. In 
practice, however, given that a parasite's position is often the only niche 
parameter that can be determined, and given that position along the gut 
correlates with other variables, this sipgle niche dimension can still 
provide much information on resource use. 
Second, the measures of functional diversity presented here are not 
solely relevant to gastrointestinal helminth communities. Relevant data 
are often collected for other types of parasite communities. For example, 
gill ectoparasites of teleost fishes use slightly different microhabitats, 
and several investigations have mapped the exact distributions of dif-
ferent species of ectoparasites (monogeneans or copepods) across dif-
ferent gill regions (e.g., Geets et aI., 1997; Bagge et aI., 2005). In this 
context, the measurement of functional richness and evenness also be-
comes not only readily feasible, but also relevant to understanding com-
munity properties. In principle, functional diversity is applicable to any 
parasite community, as long as the distribution of its component species 
along some niche dimension is possible. 
Functional diversity is seen as a key feature of biological assemblag-
es, proving to be a key predictor of many ecosystem processes (e.g., 
Tilman et aI., 1997; Petchey et aI., 2004; Petchey and Gaston, 2006). 
What can functional diversity tell us about parasite communities? To 
date, host characteristics have proven rather poor predictors of species 
richness in parasite communities, in terms of the amount of variance 
they explain (Poulin and Morand, 2004). Our findings based on just a 
few cestode communities of elasmobranchs suggest that evenness in 
resource use might be related to parasite species richness, independently 
of host features. Could functional diversity, and what it measures in 
terms of the full utilization of resources and niche space, turn out to be 
a better correlate of species diversity than host-related factors? Incor-
porating measures of functional diversity in comparative studies should 
provide answers. 
D. Keeney is supported financially by the Marsden Fund, New Zea-
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prises a listing of the type host, other hosts, site, locality, and 
specimens deposited. Each of these topics is headed as a third-
level heading, e.g., italicized, and indented as described for the 
materials and methods section. The Host subsection must in-
clude the full scientific name of the host, the authority's name, 
and an indication if Symbiotype specimens were deposited in a 
vertebrate museum along with accession numbers. The Locality 
should include map coordinates as well as the name of the 
locality, e.g., ocean, river, etc., and the geopolitical region. 
Prevalence and density data are included when known. The 
taxonomic summary is followed by a remarks section, headed 
as described for second-level headings in the instructions for 
the materials and methods section. The remarks section re-
places the discussion of other articles and gives comparisons to 
similar taxa; it is typed in boldface and begins at the left mar-
gin. The first letter is capped and the rest are lowercase. This 
sequence of subsections is repeated for each taxon. If in taxo-
nomic papers the description section does not comprise all of 
the results and discussion, the format outlined is to be incor-
porated into the usual section of results. Museum accession 
numbers for appropriate type material (new taxa) and for 
voucher specimens (surveys) are required; if deposited in the 
U.S. National Parasite Collection at Beltsville, Maryland, the 
accession number is preceded by the acronym USNPC No. Ap-
propriate photographic material should be deposited for descrip-
tions of coccidia. Frozen tissues must also include accession 
numbers if deposited in a museum . 
• 
Discussion: An interpretation and explanation of the rela-
tionship of the results to existing knowledge should appear in 
the discussion section. Emphasis should be placed on the im-
portant new findings, and new hypotheses should be identified 
clearly. Conclusions must be supported by fact or data. All let-
ters in DISCUSSION are boldfaced, capped, and started at the 
left-hand margin. The primary heading and subdivisions, if 
needed, in this section are as described for the materials and 
methods section. 
Acknowledgments: These should be concise. Ethics require 
that colleagues be consulted before being acknowledged for 
their assistance in the study. The heading for this section is as 
for the primary head described for the materials and methods 
section. Subdivisions are not used in this section. 
Literature cited: Citations are arranged alphabetically. All 
references cited in the text must appear in the literature cited 
section, and all items in this section must be cited in the text. 
Citation of unpublished studies or reports is not permitted, i.e., 
a volume and page number must be available for serials and a 
publisher, city, state, and full pagination for books. Abstracts 
not subjected to peer review may not be cited. Work may be 
cited as "in press" only if proof has been produced. If abso-
lutely necessary, a statement may be documented in the text of 
the paper by "pers. comm.", providing a copy of that page 
signed by the person cited accompanies the manuscript. In those 
cases, the citation is indicated in the style: (X. Y. Smith, pers. 
comm.). 
Personal communications do not appear in the literature cited 
section. Do not indent anything; Allen Press has a computer 
program that will handle all citations and indent as appropriate. 
Style in the text: 
(Allen, 1989) 
(Allen and Smith, 1989) 
(Allen et ai., 1989) 
(Jones, 1987; Allen, 1989)-chronological 
(Jones 1987; Allen, 1989; Smith, 1989)-chronological and 
alphabetical within year 
(Jones, 1987, 1988a, 1988b, 1989) 
Multiple authors with the same year of publication should·be 
(Smith, Jones et ai., 1988; Smith, Walker, and Jones, 
1988), not (Smith et ai., 1988a, 1988b) 
Style in the literature cited section (note that indentations are 
no longer required): 
Journal article, 1 author 
Nollen, P. M. 1990. Chemosensitivity of Philophthalmus me-
galurus (Trematoda) miracidia. Journal of Parasitology 76: 
439-440. 
Journal article, 2 authors 
Edwards, D. D., and A. O. Bush. 1989. Helminth commu-
nities in avocets: Importance of the compound community. 
Journal of Parasitology 75: 225-238. 
Book 
Schmidt, G. D., and L. S. Roberts. 1989. Foundations of 
parasitology, 4th ed. Times Mirror/Mosby College Publishing 
Company, St. Louis, Missouri, 750 p. 
Chapter in edited book 
Nesheim, M. C. 1989. Ascariasis and human nutntlOn. In 
Ascariasis and its prevention and control, D. W. T. Crompton, 
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M. C. Nesbemi, and Z. S. Pawlowski (eds.). Taylor and Fran-
cis, London, U.K., p. 87-100. 
Thesis or dissertation 
Monks, W. S. 1987. Relationship between the density of 
Moniliformis monil(formis and distribution within the defin-
itive host popUlation. M.S. Thesis. University of Nebraska-
Lincoln, Lincoln, Nebraska, 64 p. 
Note that abbreviations are not used for titles or serial pub-
lications and that spaces appear between initials. 
The literature cited section has a primary heading as de-
scribed for materials and methods. 
Footnotes: Footnotes are used only for the title page of reg-
ular articles to indicate authors' addresses and to whom corre-
spondence should be sent. Those for tables are typed directly 
under the table to which they pertain. Footnotes appear at the 
end of the manuscript directly after the Figure Legends (see 
example at end of guidelines). 
Tables: Tables are used only to present data that cannot be 
incorporated conveniently into the text. Ordinarily values from 
statistical tests are not published as tables; tests employed and 
probability accepted for significance can be stated in the ma-
terials and methods section with significant differences indicat-
ed in tables by footnotes or in the text by a statement. 
Tables must be designed to fit in 1 or 2 columns. Only rarely 
may they be designed to fit the height of a printed page. Gen-
erally, if the width does not fit the height of a typed page, the 
table is too wide. Tables may be continued on following pages 
to accommodate length, but pages may not be taped together, 
photoreduced, single-spaced, oversized, or otherwise modified 
to contain more material. 
Tables are numbered with Roman numerals in a continuous 
series and so referenced, in sequence, in the text. Captions are 
typed above the data on the same page. Species names are 
spelled out in full (and italicized) the first time used in each 
caption. All columns in a table must have headings, with the 
first letter of the first word and proper nouns capitalized, e.g., 
Number sampled, % Recaptured. 
Horizontal lines should be avoided in the body of the table; 
vertical lines are not permitted. If such symbols are necessary, 
the table must be prepared as a line drawing and treated as a 
figure. Use of letters and numbers as superscripts or subscripts 
is not permitted. Table designations must be used in the obligate 
sequence that follows: *, t, :j:, §, II, #, ')[, **, tt. 
Figures: All figure captions are to appear consecutively, in 
sequence, directly after the literature cited section. Do not place 
figure captions on the same page as the figures. Each figure or 
plate of figures must have a caption. The caption is written in 
paragraph style, beginning with the word "FIGURE." Captions 
are typed in roman, except when italic type is required, e.g., a 
genus and species. For plates, a summary statement should pre-
cede the specific explanation of each figure. A void repeating 
information for each figure that can be placed in the summary 
statement. Species names are spelled out in full the first time 
used in each caption. The caption must contain an explanation 
of all abbreviations used on the figures and indicate the value 
of lines or bars used to show size (unless the value is shown 
directly on the figure). Size should not be indicated by mag-
nification in the caption because the figure might not be printed 
at the size calculated. 
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Figures are numbered consecutively in the sequence men-
tioned in the text. Nonparenthetical references to figures in the 
text are not abbreviated, i.e., Figure 1; Figures 1, 2; Figures 1-
3; references to figures in parentheses in the text are abbrevi-
ated, i.e., Fig. 1, Figs.!, 2; Figs. 1-3. All symbols used in a 
figure must be defined when possible by a key within the body 
of the figure. Style, including the form of abbreviation, must 
be that used in the Journal. When symbols are set in the cap-
tion, the following are available: 
0, 0, 6., \7, <>, 8, ffi, @, (), u, ., ., ... , T, ~ ~, •. 
Others require artwork and the additional expense may be billed 
to the author. Freehand labeling of figures is not acceptable. 
Figures may be used singly or grouped in a plate. In either 
case, the originals must be mounted on illustration board with 
a margin of at least 25 mm on all sides. Photographs and line 
drawings may not be combined in a single plate. If such a 
composition is necessary, the additional expense may be billed 
to the author. All figures are to be identified on the back by 
author name and figure number with the top indicated. Single 
figures are not numbered on the front, but each figure in a plate 
must include a number or letter, applied directly to the figure 
and, when possible, without an added background. Figures ar-
ranged to form a plate are to be abutted tightly without space 
or masking between. 
Figures and plates are printed in 1 (88 mm wide) or 2 (182 
mm wide) columns. Length may be up to 229 mm, but in prac-
tice it should be shorter to allow room beneath for the caption 
as published in the Journal. Publication may be delayed if the 
caption cannot be included on the same page as the figure(s). 
All figures and plates should be prepared in a space propor-
tional to the printed dimensions and must stand reduction to 
them. 
Originals of line drawings are not required for review pur-
poses; provide instead a clear, sharp, offset print or photograph 
for printing and good photocopies (3) or photographs for re-
view. Photocopies of photographs or other halftones are not 
acceptable, even for review. If figures provided for review are 
not mounted, they should be printed or photocopied on 81/2 x 
II-inch paper. The quality of review copies must be ade.quate 
to permit evaluation of the work and judging of the suitability 
for publication. An author's excuse that the original shows de-
tail not seen in the review copy will seldom lead to reconsid-
eration. Original line drawings are preferable for pUblication 
purposes. 
Research notes . , 
Manuscripts are to be organized in the following format and 
sequence with all pages, numbered consecutively. 
Title page: Research Notes do not have a running head, but 
should be identified as such on the title page. On first page, 
give the title of the note in bold type and capitalize only the 
first letter of all principal words. On a separate line, give the 
names of the authors, also in bold type, and capitalize only the 
authors' initials and first letter of the last name. On a third line 
(and following lines, if necessary) give addresses of the authors 
in roman type, joined by semicolons, matched to authors other 
than the first one by symbols like those used for tables. Begin 
all 3 lines at the left-hand margin. Also designate to whom 
correspondence from the editor and proofs from the printer 
should be sent with an acceptable symbol. 
Abstract: An abstract is to be provided as described for ar-
ticles. 
Text: The text of a research note is written without sections 
and without extra spacing between paragraphs. Acknowledg-
ments may be given, without heading, as the last paragraph. 
Literature is cited in the text as described for articles. 
Literature cited, tables, figure captions, and figures: These 
items are in the form and sequence described for articles. 
Review articles 
Invited review articles are in the form described for articles, 
except that other sections may be used in place of the materials 
and methods, results, and discussion sections. Headings should 
be restricted to major headings and no more than 2 sublevels. 
Extra spacing between paragraphs is not permitted. Use of tab-
ular data or figures from the work of others must be consistent 
with copyright law, and it is the responsibility of the author to 
supply appropriate permissions when the manuscript is submit-
ted. 
Critical comments 
Manuscripts are to be organized in the following format and 
sequence with all pages, beginning with the title page, num-
bered consecutively. 
Title: Starting at the left-hand margin, give the title of the 
article in bold type and capitalized. Immediately following title, 
give the name of the author(s) in bold type. 
Text: The text is written without subdivision and without 
extra spacing between paragraphs. Literature citations are made 
as for articles. Acknowledgments may be included as an un-
headed final paragraph. 
Literature cited: If citations have been used in the text, the 
literature cited section is as described for articles. 
Names and addresses of authors: These follow the title. The 
style is as described for research notes. 
Tables, figure captions, and figures: When present, these are 
as described for articles. 
Book reviews 
Manuscripts are organized in the following format and se-
quence with all pages, beginning with that for the title, num-
bered consecutively. 
Title: Give the title of the book being reviewed in the fol-
lowing style: 
Toxoplasmosis of Animals and Man, by J. P. Dubey and C. 
P. Beattie. CRC Press, Boca Raton, Florida. 1988. 220 p. 
Hardcover $124.95. 
Note that, unlike in literature cited sections, the first letter of 
principal words is capitalized and that no comma is used be-
tween authors when there are only 2. The words "edited by" 
are substituted for "by" when appropriate. The book title, etc., 
should begin at the left-hand margin. 
Text: The text usually is not subdivided and extra spacing 
between paragraphs is not permitted. If literature must be cited, 
a headed literature cited section follows the text in the style 
described for articles. Figures and tables should not be used. 
Begin as a new paragraph immediately following the book title. 
Name and address of author: This information follows the 
text or, if present, the literature cited section. The reviewer's 
name should be in bold type. 
General points of style 
Scientific names: The full binomen is written out at the first 
use of a species name. At subsequent use, the generic compo-
nent is abbreviated by use of the first letter, except at the be-
ginning of a sentence where it is written out. Genera and spe-
cies should be italicized, not underlined, throughout the man-
uscript. Author and date citations for scientific names need not 
be used in nonsystematic papers. In systematic papers, author 
and date citations are used the first time a taxon is mentioned 
in the abstract and the text, but not subsequently except as de-
scribed for tables and figures. Use must be according to the 
International Code of Zoological Nomenclature and should be 
consistent, Le., for all parasite and host species mentioned. Au-
thor and date citations used only as authorities for scientific 
names do not appear in the literature cited section. 
Authors are reminded that names of taxa are not names of 
organisms, e.g., Fasciola is the name of a genus (a group of 
related species) and as such it does not lay eggs, ingest cells, 
possess a sucker, etc. These are properties of organisms. 
Ecological terms: The terms prevalence, incidence, intensity, 
mean intensity, density, relative density, abundance, infrapo-
pulation, suprapopulation, site, niche, and habitat are to be used 
as recommended by the ASP Ad Hoc Committee on the Use 
of Ecological Terms in Parasitology (1982, Journal of Parasi-
tology 68: 131-133). Also, see Bush et al. (1997, Journal of 
Parasitology 83: 575-583) for an expanded and updated treat-
ment of ecological terminology. 
Mathematical and chemical notations: Authors should at-
tempt to write mathematical equations so that they can be set 
in 1 line of type. When 1 unit appears in a denominator, use 
the solidus, e.g., g/m2; for 2 or more units in a denominator, 
use negative exponents, e.g., g·m-2·day-l. Manuscripts submit-
ted to the Journal of Parasitology should conform to the same 
conventions as those used for chemical and biochemical/mo-
lecular nomenclature. 
All chemical structures not accommodated by a single lipe 
of type must be drafted and reproduced as figures. 
Use of numbers: In the text numbers should be Arabic nu-
merals except when beginning a sentence. Naked decimals am 
not permitted in the text, tables, legends, or on figures, Le., 0.1, 
not .1. Numbers greater than 999 must have commas. Metric 
units are to be used in all articles. The 24-hour system is used 
to indicate time, e.g., 1500 hr. • • 
Acronyms and abbreviations: At first use, acronyms are 
placed in parentheses following the name written out in full. 
At subsequent use, the acronym alone is used. An acronym may 
begin a sentence. Sentences may not begin with an abbrevia-
tion, and abbreviations are as recommended in the Council of 
Biology Editors (CBE) style manual. The Journal uses all In-
ternational System of Measurement (SI) metric unit abbrevia-
tions. Common CBE and SI abbreviations include the following 
(the same abbreviation is used for plural form): 
wk (week) 
hr (hour; use 0-2400 hr for time) 
sec (second) 
min (minute) 
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mo (month) 
day (not abbreviated) 
n. sp. (new species) 
n. gen. (new genus) 
L (liter; but ml for milliliter) 
g (gravity; not X g) 
RH (relative humidity) 
p.o. (per os) 
s.c. (subcutaneous) 
i.pl. (intrapleural) 
i.p. (intraperitoneal) 
PI (postinoculation) 
p. (page) 
ad lib. (ad libitum) 
U.S.A. (as a noun) 
U.S. (as an adjective) 
sp. gr. (specific gravity) 
t-test 
U-test 
P (probability) 
x (arithmetic mean) 
r (correlation coefficient) 
n (sample size) 
SD (standard deviation of the mean) 
SE (standard error of the mean) 
df (degrees of freedom) 
NS (not significant) 
Meter 
Kilogram 
Second 
Ampere 
Volt 
Mole 
Basic SI units 
Prefixes for SI units 
Factor Prefix 
10-1 deci 
10-2 centi 
10-3 milli 
10-6 micro 
10-9 nano 
10-12 pico 
101 deca 
102 hecto 
103 kilo 
106 mega 
109 giga 
1012 tera 
m 
kg 
sec 
A 
V 
mol 
Symbol 
d 
c 
m 
/-Lm 
n 
p 
da 
h 
k 
M 
G 
T 
Miscellaneous: Unless stated otherwise, U.S.A. is under-
stood for locations, including addresses of authors, and is not 
stated. 
Words and abbreviations in Latin and other non-English lan-
guages, except for genus and species names, are not italicized. 
American spelling supersedes English spelling. 
No and none are treated as singular, e.g., no worm was found. 
If this form is not satisfactory, avoid use of the words. 
The suffix -like is hyphenated only in combination with a 
name in italic type or to avoid a triple 1. 
Studies involving sacrifice of animals are outside the scope 
of the journal; however, many appropriate studies involve kill-
ing of animals. 
Because manuscripts are accepted only with the understand-
ing that the work was conducted in compliance with all relevant 
laws and within the ASP policy on animal care and use, a sep-
arate statement regarding animal care and use is not printed as 
• 
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a part of each paper. Likewise, use of the word euthanasia is 
redundant. 
Papers are not dedicated to individuals. Dedication is only at 
the direction of the ASP Council, and it is in the form of an 
entire issue. 
Revising manuscripts (hard copy submission) 
When manuscripts are returned for revision, a cover letter 
from the editor provides directions that must be followed care-
fully. When submitting the revised manuscript, include a cover 
letter giving the manuscript number and describing how the 
manuscript has been revised. A point-by-point statement of 
what has been revised and a brief rebuttal of those criticisms 
not addressed should be provided. All suggestions of the re-
viewers and the editor must be addressed individually. Review-
ers are assigned numbers to simplify this process. The revised 
manuscript and the author's comments usually are reviewed 
again. 
Submit 2 hard copies of the revision that include 2 sets of 
tables and figures; these hard copies should be printed from the 
final revision as it appears on the diskette (3.5" HD/ DD disc). 
The diskette should include the text, literature cited, and figure 
legends. Do not place the tables or the figures on the diskette, 
as these should be submitted separately as hard copies. Com-
plete instructions for preparation of the diskette will accompany 
the letter of acceptance and reviews. Retain a complete and 
exact copy of the manuscript, tables, and figures for reference 
and to protect against loss. 
Correcting proof and ordering reprints 
Authors are responsible for the accuracy of their proofs and, 
therefore, what ultimately is printed in the Journal. Corrected 
. . 
proofs must be returned to the editor promptly, ideally on 
the same day as received. Receipt of proof is not acknowledged; 
authors are notified when proof is not received. Proofs are to 
be corrected, not revised. Additions usually are disallowed ex-
cept to correct errors made in typesetting and by the editor. 
Correction of errors made by the author may be billed to the 
author at the rate of $3.75 each. Queries on the proof are to be 
answered by "yes" or "no"; do not use "ok" or "stet." 
A form for ordering reprints accompanies the proof. Only the 
author designated to receive correspondence receives proof and 
reprint order forms. It is the responsibility of this author to clear 
the proof with other authors and to provide the opportunity for 
them to order reprints. Reprint orders are to be returned to 
Allen Press at the address on the form. Orders received after 
printing of the issue containing the article cannot be filled. 
SCHEDULE FOR PRINTING INSTRUCTIONS 
These instructions, or a revision, will be printed in the Feb-
ruary issue of the Journal every 2 years. Reprints are available 
from the editor, or they can be found online at: http:// 
asp.unl.edu. 
ACKNOWLEDGMENTS 
These instructions are a revision of policies and practices 
formulated by previous editors. The staff at Allen Press, espe-
cially Annielaurie Seifert, contributed ideas and advice for the 
revision. 
Gerald W. Esch, Department of Biology, Wake Forest University, P.O. 
Box 7629, Winston-Salem, North Carolina 27109 . 
• 
POLICY AND GUIDELINES FOR AUTHORS 227 
EXAMPLE FOR FULL-SIZED ARTICLE 
The following presents a sample layout of the way in which the file on your diskette should appear for a full-sized article. 
Running Head: NADLER ET AL.- GENETICS OF GEOGRAPHIC VARIATION IN A. SUUM (not to exceed 60 characters and spaces) 
GENETIC STRUCTURE OF MIDWESTERN ASCARIS SUUM POPULATIONS: 
A COMPARISON OF ISOZYME AND RAPD MARKERS 
Steven A. Nadler, Rachel L. Lindquist', and Thomas J. Near 
Department of Biological Sciences, Northern Illinois University, DeKalb, Illinois 60115. e-mail: snadler@ucdavis.edu 
(the e-mail address is of the corresponding author ONLY) 
(NOTE: no extra space here.) 
ABSTRACT: Isozyme and random amplified polymorphic DNA (RAPD) markers were used to characterize the genetics of geographic varia-
tion among population samples of Ascaris suum . ... 
Molecular markers are of great potential utility for revealing intraspecific variation among parasite populations. (Note: This was the first 
sentence of the Introduction, that it is not preceded by a title, and that a space does not separate the Abstract and the Introduction). By study-
ing the genotypes or haplotypes of individuals .... 
MATERIALS AND METHODS 
Ascaris suum adults were collected from the intestines of pigs at a local meat processing plant. ... 
RESULTS 
Isozyme data 
Six of the 13 loci surveyed showed evidence of polymorphism; however, only 3 of the 6 variable loci showed sufficient enzymatic activity 
and resolution on gels to score .... 
RAPD data and comparative analysis of markers 
Of the 29 RAPD primers surveyed, 9 yielded amplification products that met both subjective .... 
DISCUSSION 
.. 
Isozyme data 
Geographic variation: Relatively few studies have focused on the genetics of geographic variation among populations of parasitic hel-
minths. In part, this is due to .... 
Polymorphisms: A paradigm of parasite population structure is that parasitic organisms are characterized by small populations with high 
levels of inbreeding .... 
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Genetic drift 
Genetic drift among A. suum infrapopulations may be promoted by their small effective population size and founder effects. The overall sex 
ratio .... 
ACKNOWLEDGMENTS 
We are grateful to Mr. Don Temperly for assistance at FDL .... 
LITERATURE CITED 
Anderson, R. M., and R. M. May. 1978. Regulation and stability of host-parasite population interactions. I. Regulatory process. Journal of Ani-
mal Ecology 47: 219--247. 
Anderson, T. J. C., M. E. Romero-Abal, and J. Jaenike. 1993. Genetic structure and epidemiology of Ascaris populations: Patterns and host 
affiliation in Guatemala. Parasitology 107: 319-334. 
--, --, and J. James. 1995. Botulism. Journal of Parasitology 81: 1-10. 
Monks, W. S. 1987. Relationship between the mean density of Moniliformis moniliformis and distribution within the definitive host population. M. 
S. Thesis. University of Nebraska-Lincoln, Lincoln, Nebraska, 64 p. 
Nesheim, M. C. 1989. Ascariasis and human nutrition. In Ascariasis and its prevention and control, D. W. T Crompton, M. C. Mescheim, and 
Z. S. Pawlowski (eds.). Taylor and Francis, London, U.K., p. 87-100. 
Schmidt, G. D., and L. S. Roberts. 1989. Foundations of parasitology, 4th ed. Times Mirror/Mosby Publishing Company, St. Louis, Missouri, 
750 p. 
FIGURE 1. Random amplified polymorphic DNA fingerprints for 11 Ascaris suum individuals .... 
FIGURES 2-4. (2) Gels showing the genetic make-up of .... (3) Comparison of 4 infrapopulations .... (4) Isozymes from Ascaris suum. . ... 
'Department of Biology, Southeast Missouri State University, Cape Girardeau, Missouri 63701 . 
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EXAMPLE FOR RESEARCH NOTE 
The following represents a sample layout of the manner in which the file on your diskette should appear for a RESEARCH NOTE. 
Running Head: RESEARCH NOTE 
HEPATIC SARCOCYSTOSIS IN A HORSE 
C. R. Davis, B. C. Barr", J. R. Pascoet, H. J. Olander*, and J. P. Dubey§, Department of Anatomy, Physiology and Cell Biology, University 
of California, Davis, California 95616; 'University of California, California Veterinary Diagnostic Laboratory, Davis, California 95616; tDepart-
ment of Surgical and Radiological SCiences, University of California, Davis, California 95616; :j:Department of Pathology, Microbiology and Im-
munology, University of California, Davis, California 95616; and §Parasite Biology and Epidemiology Laboratory, Livestock and Poultry Scienc-
es Institute, Agriculture Research Service, United States Department of Agriculture, Beltsville, Maryland 20705-2350. 
e-mail: jdubey@anri.barc.usda.gov(the e-mail address is of the corresponding author ONLY) 
ABSTRACT: This report examines the phylogenetic relationships of Tetrabothrium spp .... 
The various species of Tetrabothrium are examined within an evolutionary context (this constitutes the first sentence of the text). 
If you wish to acknowledge, add without a title as an indented sentence immediately following the last paragraph of the RESEARCH NOTE. 
LITERATURE CITED 
(See EXAMPLE for full-sized article.) 
Figure legends will follow after leaving one space. 
All tables and figures will be included separately as 2 hard copies; tables must be double-spaced. If submitting electronically, then each plate 
and each table should be added as separate files. 
A' 
ANNOUNCEMENTS . .. 
The 2nd International Giardia and Cryptosporidium Conference is being held on May 13-18,2007 in Morelia, 
Mexico. The website is http://cinvestav.mx/giardiacrypto/location.html 
The 56th Annual Meeting of the Wildlife Disease Association (WDA) will be held August 12-17, 2007 at the 
YMCA of the Rockies in Estes Park, Colorado, USA. The WDA invites members and others interested in promoting 
wildlife health to attend the conference entitled "Wildlife health: Can we manage it?". For more information visit: 
http://wildlifedisease.org/2007_Conference/. Abstracts accepted until May 1, 2007. 
A' 
. , 
Evolutionary Ecology of Parasites, Second Edition 
ROBERT POULIN 
In recent years parasites have become a powerful model system for the study of 
ecology and evolution , with practical applications in disease prevention . Here, in a 
thoroughly revised and updated edition of his earlier influential work, Robert Poulin 
provides an evolutionary ecologist's view of the biology of parasites . He sets forth 
a comprehensive synthesis of parasite evolutionary ecology, integrating information 
across scales from the features of individual parasites to the dynam ics of parasite 
populations and the structuring of paras ite communities . An up-to-date synthesis 
of the field , the book is an ideal teaching tool for advanced courses on the subject. 
Pointing toward promising directions and setting a research agenda, it will also 
be an invaluable reference for researchers who seek to extend our knowledge of 
parasite ecology and evolution . 
"This excellent book offers much food for thought. The scholarship is as sound 
as anyone human can make it, and the smooth writing carries one along nicely. 
Evolutionary Ecology o!Parasites will not only be a valuable resource in graduate 
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